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[ X ] Applicant hereby petitions for an extension of time under 37 C.F.R. §1.1 36(a) for the 
total number of months checked below: 



[ X ] Extension for response filed within the fourth month: $ 1 ,590.00 $ 1 ,590.00 



EXTENSION FEE TOTAL: 


$1,590.00 


Extension Fees Previously Paid: 


$0.00 


TOTAL FEE: 


$1,590.00 


A credit card payment form in the amount of $1,590.00 is enclosed. 




[ ] Please charge Deposit Account No. 19-0741 in the amount of $00.00. A duplicate 
copy of this transmittal is enclosed. 



[ X ] The Commissioner is hereby authorized to charge any additional fees which may be 
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any 
overpayment, to Deposit Account No. 19-0741. Should no proper payment be 
enclosed herewith, as by a check being in the wrong amount, unsigned, post-dated, 
otherwise improper or informal or even entirely missing, the Commissioner is 
authorized to charge the unpaid amount to Deposit Account No. 19-0741 . If any 
extensions of time are needed for timely acceptance of papers submitted herewith, 
applicant hereby petitions for such extension under 37 C.F.R. §1.136 and authorizes 
payment of any such extensions fees to Deposit Account No. 19-0741 . 

Please direct all correspondence to the undersigned attorney or agent at the address 
indicated below. 

Respectfully submitted, 



Date July 30, 2007 




FOLEY & LARDNER LLP Steven M. Reid, Ph.D. 

Customer Number: 22428 Attorney for Appellant 

Telephone: (202) 295-4767 Registration No. 54,393 
Facsimile: (202) 672-5399 
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IN THE UNITED ST A TES PA TENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 



Bosch et al. 



Title: 



DRY POWDER AEROSOLS OF NANOPARTICULA TE DRUGS 



Appln. No.: 09/190,138 

Filing Date: 11/12/1998 

Examiner: James Henry Alstrum-Acevedo 

Art Unit: 1615 

APPELLANT'S FOURTH AMENDED BRIEF ON APPEAL UNDER 37 C.F.R. § 41.37 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



Under the provisions of 37 C.F.R. § 41 .37 and in response to the Notification of Non- 
Compliant Appeal Brief mailed on March 28, 2007 ("Notification"), Appellants submit this Fourth 
Amended Appeal Brief. To make this brief timely filed, Applicants also enclose a petition for an 
extension of four (4) months of time and the requisite fee as prescribed in 37 C.F.R. § 1 .136. 

The Notification stated that Appellants' previously amended appeal brief, filed on October 6, 
2006, was non-compliant because each ground for rejection was not treated under a separate heading 
noting relevant claim numbers. The present brief conforms to the required format. 

Appellants authorization the Commissioner to charge any deficiency (or credit any balance) 
to the undersigned deposit account 1 9-0741 if any fees are due. 



Sir: 
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I. REAL PARTY IN INTEREST 

The real party in interest is ELAN PHARMA INTERNATIONAL, LTD. The inventors assigned 
their right, title, and interest in this application to NANOSYSTEMS LLC on January 6 and 11, 1999. 
This assignment was recorded in the U.S. Patent and Trademark Office at Reel 009861, Frame 0227. 
NANOSYSTEMS LLC subsequently assigned its right, title, and interest in this application to ELAN 
Pharma International, Ltd. This assignment was recorded in the U.S. Patent and Trademark 
Office at Reel 01 1079, Frame 0301 . 
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RELATED APPEALS AND INTERFERENCES 
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Appellants are not aware of any appeals or interferences related to the present application. 



Application No. 09/190,138 
Atty. Dkt. No. 029318-0109 

III. STATUS OF CLAIMS 

Pending claims: 11-36, 40-45, 47-49, and 51-121. 
Rejected claims: 11-36, 40-45, 47-49, and 51-121. 
Appealed claims: 11-36, 40-45, 47-49, and 51-121. 
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IV. STATUS OF AMENDMENTS 

An after-final response, filed on May 14, 2004, sought to amend independent claims 1 1, 23, 
35, 40, and 42-44. In light of the Advisory Action dated July 22, 2004, and according to the 
Examiner's Answer entered on May 26, 2006, Appellants understand that the amendments have been 
entered for purposes of the present appeal. Consequently, the appended claims and their status 
identifiers reflect the entry of the amendments. 
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V. SUMMARY OF CLAIMED SUBJECT MATTER 

The claimed invention is directed to dry powder aerosol compositions of nanoparticulate 
crystalline drugs for pulmonary and nasal delivery and to methods of making and using the 
compositions. 1 The claimed compositions comprise spherically-shaped aggregates of crystalline drug 
nanoparticles having a surface modifier adsorbed to the surface thereof. 2 The drug particles must be 
crystalline 3 and exhibit an effective average particle size of less than about 1 micron. 4 The diameters 
of the spherically-shaped aggregates are equal to or less than about 100 microns. 5 Finally, the 
aggregates yield a nanoparticulate drug dispersion upon reconstitution in an aqueous medium. 6 

Having generally identified textual support for the claimed invention, Appellants present the 
following chart that identifies passages of the specification which describe the subject matter as 



claimed in each independent claim. 



Independent Claim 


Claimed Subject Matter 


Support in the Specification 


11 


dry powder aerosol 
compositions, formed from 
spray-drying, of nanoparticulate 
crystalline drugs for pulmonary 
and nasal delivery 


page 7, lines 24-25; page 8, line 
9 to page 9, line 2; and page 16, 
lines 11-12 


spherically-shaped aggregates 
of crystalline drug nanoparticles 
having a surface modifier 
adsorbed to the surface thereof 


page 17, lines 6-7; page 20, 
lines 23; and page 33, line 16 


aggregates are less than or 
equal to about 1 00 microns in 
diameter 


page 4, lines 11-12; page 13, 
lines 27-28; and page 21, line 4 


drug particles must be 
crystalline 


page 24, lines 26-28 



1 See specification at page 7, lines 24-25 and page 16, lines 11-12. 

2 Id, at page 17, lines 6-7; page 20, lines 23; and page 33, line 16, 

3 Id. at page 24, lines 26-28, 

4 Id. at page 7, lines 5-6 and page 13, lines 2-8. 

5 Id. at page 17, lines 10-18. 

6 Id. at page 8, line 28; page 9, line 17; page 33, lines 19-22; and page 34, lines 28-30. 
1 See37 C.F.R. §41.67(c)(l)(v). 
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Independent Claim 


Claimed Subject Matter 


Support in the Specification 




effective average particle size 
of less than about 1 micron 


page 7, lines 5-6 and page 13, 
lines 2-8 


aggregates must yield back the 
nanoparticulate drug 
dispersions upon reconstitution 
in an aqueous medium 


page 8, line 28; page 9, line 17; 
page 33, lines 19-22; and page 
34, lines 28-30 


23 


dry powder aerosol 
compositions, formed from 
spray-drying, of nanoparticulate 
crystalline drugs for pulmonary 
and nasal delivery 


page 7, lines 24-25; page 9, 
lines 4-20; and page 16, lines 
11-12 


aggregates of crystalline drug 
nanoparticles having a surface 
modifier adsorbed to the surface 
thereof 


page 17, lines 6-7; page 20, 
lines 23; and page 33, line 16 


aggregates are less than or 
equal to about 1 00 microns in 
diameter 


page 4, lines 11-12; page 13, 
lines 27-28; and page 21, line 4 


drug particles must be 
crystalline 


page 24, lines 26-28 


effective average particle size 
of less than about 1 micron 


page 7, lines 5-6 and page 13, 
lines 2-8 


aggregates must yield back the 
nanoparticulate drug 
dispersions upon reconstitution 
in an aqueous medium 


page 8, line 28; page 9, line 17; 
page 33, lines 19-22; and page 
34, lines 28-30 


35 


dry powder aerosol 
compositions for use in 
propellant -based pMDI 


page 9, line 22 to page 10, line 
5; page 17, line 23 to page 18, 
line 3 


spherically-shaped aggregates 
of poorly soluble crystalline 
drug particles 


page 17, lines 4-19; page 24, 
lines 26-28 and 30 


aggregates are less than or 
equal to about 1 00 microns in 
diameter 


page 4, lines 11-12; page 13, 
lines 27-28; and page 21, line 4 


aggregates must yield back the 
nanoparticulate drug 
dispersions upon reconstitution 
in an aqueous medium 


page 8, line 28; page 9, line 17; 
page 33, lines 19-22; and page 
34, lines 28-30 


nanoparticles having a surface 
modifier adsorbed to the surface 
thereof 


page 17, lines 6-7; page 20, 
lines 23; and page 33, line 16 


effective average particle size 
of less than about 1 micron 


page 7, lines 5-6 and page 13, 
lines 2-8 


non-aqueous propellant 


page 10, lines 14-28 


40 


Method of making dry powder 
nanoparticulate drug 
composition 


page 10, lines 7-15; abd page 
18, lines 5-15 
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Independent Claim 


Claimed Subject Matter 


Support in the Specification 




Forming aqueous 
nanoparticulate dispersion of a 
poorly soluble drug 


Page 8, line 10-12 


Drug solubility in at least one 
liquid dispersion medium is less 
than about 10 mg/mL 


Page 25, lines 1-3 


Drug is crystalline 


Page 24, lines 24-27 


nanoparticles have a surface 
modifier adsorbed to the surface 
thereof 


page 17, lines 6-7; page 20, 
lines 23; and page 33, line 16 


effective average particle size 
of less than about 1 micron 


page 7, lines 5-6 and page 13, 
lines 2-8 


Spray-drying nanoparticulate 
dispersion to form dry powder 
of spherically shaped 
aggregates 


Page 8, line 10-12 


aggregates are less than or 
equal to about 1 00 microns in 
diameter 


page 4, lines 11-12; page 13, 
lines 27-28; and page 21, line 4 


aggregates must yield back the 
nanoparticulate drug 
dispersions upon reconstitution 
in an aqueous medium 


page 8, line 28; page 9, line 17; 
page 33, lines 19-22; and page 
34, lines 28-30 


42 


Method of making dry powder 
nanoparticulate drug aerosol 
formulation 


Page 1 0, lines 1 1 - 1 2 and 1 6-2 1 


Milling under non-pressurized 
conditions in a non-aqueous 
medium having a high boiling 
point a dispersion 


Page 10, lines 16-21; and page 
19, lines 15-16 


dispersion comprises a poorly 
soluble drug 


Page 8, line 10-12 


Drug solubility in at least one 
liquid dispersion medium is less 
than about 1 0 mg/mL 


Page 25, lines 1-3 


Drug is crystalline 


Page 24, lines 24-27 


nanoparticles have a surface 
modifier adsorbed to the surface 
thereof 


page 17, lines 6-7; page 20, 
lines 23; and page 33, line 16 


effective average particle size 
of less than about 1 micron 


page 7, lines 5-6 and page 13, 
lines 2-8 


Evaporating non-aqueous 
medium to obtain a dry powder 
of spherically shaped 
aggregates of drug and surface 
modifier particle 


Page 19, lines 20-21 
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Independent Claim 


Claimed Subject Matter 


Support in the Specification 




aggregates are less than or 
equal to about 100 microns in 
diameter 


page 4, lines 11-12; page 13, 
lines 27-28; and page 21, line 4 


aggregates must yield back the 
nanoparticulate drug 
dispersions upon reconstitution 
in an aqueous medium 


page 8, line 28; page 9, line 17; 
page 33, lines 19-22; and page 
34, lines 28-30 


formulating the dry powder 
spherically shaped aggregates 
into an aerosol composition 


Page 19, lines 21-22 


43 


Method of making an aerosol 
composition comprising milling 
under pressurized conditions 


Page 20, lines 1-9 


dispersion comprises a poorly 
soluble drug 


Page 8, line 10-12 


Drug solubility in at least one 
liquid dispersion medium is less 
than about 10 mg/mL 


Page 25, lines 1-3 


Drug is crystalline 


Page 24, lines 24-27 


nanoparticles have a surface 
modifier adsorbed to the surface 
thereof 


page 17, lines 6-7; page 20, 
lines 23; and page 33, line 16 


effective average particle size 
of less than about 1 micron 


page 7, lines 5-6 and page 13, 
lines 2-8 


Evaporating non-aqueous 
medium to obtain a dry powder 
of spherically shaped 
aggregates of drug and surface 
modifier particle 


Page 19, lines 20-21 


aggregates are less than or 
equal to about 100 microns in 
diameter 


page 4, lines 11-12; page 13, 
lines 27-28; and page 21, line 4 


aggregates must yield back the 
nanoparticulate drug 
dispersions upon reconstitution 
in an aqueous medium 


page 8, line 28; page 9, line 17; 
page 33, lines 19-22; and page 
34, lines 28-30 


formulating the dry powder 
spherically shaped aggregates 
into an aerosol composition 


Page 19, lines 21-22 


44 


Method of making dry powder 
nanoparticulate drug 
composition comprising 
forming an aqueous 
nanoparticulate dispersions of 
poorly soluble drug 


Page 18, lines 19-25 


dispersion comprises a poorly 
soluble drug 


Page 8, line 10-12 
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Independent Claim 


Claimed Subject Matter 


Support in the Specification 




Drug solubility in at least one 
liquid dispersion medium is less 
than about 1 0 mg/mL 


Page 25, lines 1-3 


Drug is crystalline 


Page 24, lines 24-27 


nanoparticles have a surface 
modifier adsorbed to the surface 
thereof 


page 17, lines 6-7; page 20, 
lines 23; and page 33, line 16 


effective average particle size 
of less than about 1 micron 


page 7, lines 5-6 and page 13, 
lines 2-8 


Freeze-drying the 
nanoparticulate dispersion to 
form a dry powder of 
spherically shaped aggregates 


Page 22, lines 11-19 


aggregates are less than or 
equal to about 1 00 microns in 
diameter 


page 4, lines 11-12; page 13, 
lines 27-28; and page 21, line 4 


aggregates must yield back the 
nanoparticulate drug 
dispersions upon reconstitution 
in an aqueous medium 


page 8, line 28; page 9, line 17; 
page 33, lines 19-22; and page 
34, lines 28-30 



Appellants' discovery is a substantial advance over conventional micronized drug 
formulations that are intended for delivery to the pulmonary and nasal regions. The nanoparticulate 
drug particle size facilitates the drug particles' fitting into a wide aggregate size range. 
Consequently, aggregate particles measuring less than about 2 microns up to about 100 microns 
uniformly contain the same concentration of nanoparticulate drug particles, by contrast to 
conventional micronized formulations, and thereby allow more effective and efficient drug delivery 
to a desired region. 8 Moreover, the claimed invention results in more favorable drug delivery profiles 
relative to micronized drugs on account of the nanoparticulate drug size allowing more concentrated 
unit doses 9 Additionally, a number of advantageous bulk properties result from the claimed 
compositions. For example, the claimed compositions can be nebulized ultrasonically whereas 



See specification at page 23, line 26 to page 24, line 6. 
9 Id. at page 23, lines 17-22. 
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micronized drug dispersions cannot. 10 By contrast to micronized drugs, the claimed invention also 
enables very rapid drug delivery to pulmonary and nasal surfaces. 1 1 



10 Id. at page 23, lines 23-25. 

11 Id. at page 24, lines 7-10 and 15-18. 
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VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

Four grounds for rejection remain after the issuance of the Final Office Action dated January 
14, 2004: 

A. Whether claims 11-34, 40, 41, 44, 45, 47, 48, 51-62, 69-96, and 111-119 are 
unpatentable under 35 U.S.C. § 103(a) over U.S. Pat. No. 5,985,309 to Edwards 
et al ("Edwards"). 

B. Whether claims 11-34, 40- 45, 47, 48, 51-62, 65-96, and 97-119 are unpatentable 
under 35 U.S.C. § 103(a) over Edwards in view of U.S. Pat. No, 5,145,684 et al. 
to Liversidge ("Liversidge"). 

C. Whether claims 35, 36, 49, 63, and 64 are unpatentable under 35 U.S.C. § 103(a) 
over Edwards in view of U.S. Pat. No. 5,202,110 to Dalby et al. ("Dalby"). 

D. Whether claims 120 and 121 are unpatentable under 35 U.S.C. § 103(a) over 
Edwards in view of Goodman & Oilman's, The Pharmacological Basis of 
Therapeutics, Ninth edition, page 666 (McGraw-Hill, 1996) ("Goodman"). 
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VII. ARGUMENT 

The claimed invention is patentable because none of the cited prior art references supports 
any of the PTO's stated grounds for rejection. The PTO has the initial burden of showing that the 
cited references establish a prima facie case of obviousness. 12 In doing so, the PTO's grounds for 
rejection must satisfy three basic criteria. First, "all the claim limitations must be taught or suggested 
by the prior art." 13 

Second, there must be some suggestion or motivation, either in the references themselves or 
in the knowledge generally available to one of ordinary skill in the art, to modify the reference or to 
combine reference teachings. 14 "While the [U.S. Supreme] Court recently rejected a rigid application 
of the teaching, suggestion, or motivation ("TSM") test in an obviousness inquiry, the Court 
acknowledged the importance of identifying 'a reason that would have prompted a person of ordinary 
skill in the relevant field to combine the elements in the way the claimed new invention does' in an 
obviousness determination." 15 

Finally, there must be evidence of a reasonable expectation that the suggested modifications 
to or combination of the prior art references will be successful. 16 The KSR Court explained that 
where a person of ordinary skill in the art has "good reason to pursue the known options within his or 
her technical grasp," and such pursuit "leads to the anticipated success, it is likely the product not of 
innovation but of ordinary skill and common sense," 17 



12 See In re Rinehart, 531 F.2d 1048, 189 USPQ 143 (CCPA 1976). 

13 In reRoyka, 490 F.2d 981, 180 USPQ 580 (CCPA 1974). 

14 See In re Kahn, 441 F.3d 977, 78 USPQ2d 1329 (Fed. Cir. 2006). 

15 Takeda Chemical Industries, Ltd. v. Alphapharm Pty., Ltd., — F.3d— , 2007 WL 1839698 (Fed. Cir. 2007) 
(citing KSR Intl. Co. v. Teleflex Inc. 127 S.Ct. 1727, 1741, 82 USPQ2d 1385, 1396 (2007), 

16 See In re Merck & Co., Inc., 800 F.2d 1091, 213 USPQ 375 (Fed. Cir. 1986). 

17 KSR Intl. Co. v. Teleflex Inc. 127 S.Ct. 1727, 1742, 82 USPQ2d 1385, 1398 (2007). 
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Specifically, none of the cited references, alone or in combination with each other, teach or 
suggest the following elements that are required by each of Appellants' claims: (1) spherically- 
shaped aggregates of drug nanoparticles having a surface modifier adsorbed to the surface thereof, 
(2) crystalline drug nanoparticles, (3) drug nanoparticles having an effective average particle size of 
less than about 1 micron, and (4) the spherically-shaped aggregates produce nanoparticulate drug 
dispersions upon reconstitution in an aqueous medium. Furthermore, the PTO has not properly 
established a motivation to modify Edwards alone or by any of the cited secondary references to 
obtain the claimed invention. 

A. Rejection of Claims 11-34, 40, 41, 44, 45, 47, 48, 51-62, 69-96, and 111-119 Under 
35 U.S.C. § 103(a) over U.S. Pat. No. 5,985,309 to Edwards et at. ("Edwards") 

Edwards fails to teach or suggest each limitation of the claimed invention, and a person of 

ordinary skill in the art would not have been motivated to modify the reference in a manner so as to 

arrive at the claimed invention. 

1. The PTO Applied an Improper Standard in Determining Whether 
Edwards Teaches or Suggests a Nanoparticulate Drug 

Because Edwards teaches only microparticulate drug compositions, the reference utterly fails 

to suggest the claimed nanoparticulate drug composition. Specifically, Edwards discloses particles 

having a mean diameter of between approximately 5 jum and 30 fjm and comprising a therapeutic 

agent and a surfactant for administration to the respiratory tract via an aerosol formulation. 18 

Additionally, Edwards discloses a number of processes for making particles that conform to these 

size requirements. 19 Consequently, none of the prior art particles nor the processes for making them 

remotely suggests that the particles comprise nanoparticulate drug. 



18 See Edwards at col. 3, lines 1-3; col. 5, lines 29-33; and col. 6, lines 1-7. 

19 See, id. at col. 8., lines 5-29. 
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a. Edwards Does Not Teach or Suggest Drug Nanoparticles 
Not once during the pendency of this application has the PTO articulated how a person of 
ordinary skill would understand Edwards to teach or suggest drug nanoparticles, much less those that 
form spherically-shaped aggregates as required by Appellants' claims. In fact, the PTO recognized 
that "Edwards et al do not specifically state that 50% of the [disclosed] particles have a geometric 
particle size of less than about 1 jum [as claimed]." 20 Nonetheless, the "examiner's position [is] that 
Edwards disclosed that nanosize drug particles in aerosol form were delivered to the alveoli of the 
lung." 21 

Edwards simply teaches nothing of the sort. 22 Edwards teaches that "[administration by 
aerolization permits deep lung delivery of relatively large diameter therapeutic aerosols, for example, 
greater than 5 fjm in mean diameter" 21 * In doing so, Edwards flatly refutes the PTO's contention that 
the reference teaches nanoparticulate drug on account of drug particles reaching the deep lung. 

Moreover, the PTO invoked an incorrect legal standard by persistently requiring Appellants 
to first establish the recited nanoparticulate drug size as a critical feature of the invention before 
patentability over Edwards would be acknowledged. It is black letter law that "[t]he examiner bears 
the burden of establishing a prima facie case of obviousness." 24 "Only //"this burden is met does the 
burden of coming forward with rebuttal argument or evidence shift to the applicant." 25 In this 
analysis, "[a]ll words in a claim must be considered in judging the patentability of that claim against 
the prior art." 26 In particular, "[o]bviousness requires a suggestion of all elements in a claim." 27 The 

20 Office Action dated February 5, 2001 at page 5. 

21 Final Office Action dated February 14, 2004 at page 5. 

22 See Appellants* Response, dated May 14, 2004, at pages 23-24. 

23 Edwards at col. 5, lines 31-34 (emphasis supplied). 

24 In re Deuel, 51 F. 3d 1552, 1557 (Fed. Cir. 1995) (citing In re Rijckaert, 9 F. 3d 1531, 1532 (Fed. Cir. 1993); 
In re Oetiker, 977 F. 2d 1443, 1445 (Fed. Cir. 1992)). 

25 Rijckaert, 9 F. 3d at 1532 (emphasis supplied). 

26 In re Wilson, 424 F. 2d 1382, 1385 (CCPA 1970). 
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PTO therefore is obligated to consider that Appellants' claimed composition comprises 

nanoparticulate drug particles and to bear the initial burden of determining whether Edwards teaches 

or suggests this feature of Appellants' claimed invention. 

By contrast to the principles stated above, the PTO improperly "granted [no] patentable 

weight" to the "merely superfluous" nanoparticulate size limitation, 28 and consequently the PTO 

adopted without explanation the notion that "the compositions of the instant claims and those of 

[Edwards] do not appear to be different." 29 In this context, the PTO has now maintained the present 

rejection because Appellants "did not present factual evidence showing criticality of size of the 

nanoparticles of drug in the instant claims that is different than the size of particles of drug in the 

[cited prior art]; specifically Edwards ." 30 

b. The PTO Failed to Justify its Conclusion of Obviousness Based 
on the Difference in Particle Sizes 

In the Examiner's Answer, 31 contrary to the explicit teaching of Edward, the Examiner 

alleged that Edwards teaches nanosized drug particles: 

. , , both the polymers comprising the micron-sized particles taught 
by Edwards and the therapeutic agents contained therein are 
obviously nanosized particles, because the size of the molecules are 
on the nanometer length scale. 32 

Furthermore, given that the particles taught by Edwards are micron- 
sized, these are obviously aggregates of nanometer particles (i.e., 
molecules), because it is only through the association (i.e., 



11 In reRoyka, 490 F. 2d 981 (CCPA 1974). 

28 See Office Action dated August 21, 2000 at page 5, 

29 Office Action dated August 27, 2001 at page 5. 

30 Advisory Action dated July 22, 2004 at page 2 (emphasis supplied). 

31 Prior to receiving the Notification of Non-Compliant Appeal Brief, the PTO issued, and Appellants received, 
an Examiner's Answer in reply to Appellant's previous amended appeal brief filed on October 6, 2006. In the 
interest of economy, therefore, Appellants take this opportunity to also address the Examiner's Answer. 

32 Examiner's Answer at 11-12 bridging (emphasis added). 
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aggregation) of nanometer-sized molecules via intermolecular 
interactions that micron-sized particles could result. 33 

The PTO has not just embellished Edwards' disclosure to admit of nanoparticulate drug 

particles: it unabashedly pronounced as obvious Appellants' recited nanoparticle size based upon not 

even a scintilla of evidence, sound scientific reasoning, any passage in Edwards, and certainly not 

upon any appeal to "the inferences and creative steps that a person of ordinary skill in the art would 

employ." 34 "[T]he examiner must present a convincing line of reasoning as to why the artisan would 

have found the claimed invention to have been obvious in light of the teachings of the references." 35 

The PTO's analysis further hinges upon its twice-asserted notion that because molecules are 
"on the nanometer length scale," so, too, are the sizes of particles comprising those molecules. Drug 
molecule size bears upon absolutely no measure of drug particle size. What is relevant, as Appellants 
have repeatedly stressed, is whether Edwards teaches or suggests Appellants' claimed dry powder 
aerosol and its methods of manufacture and use. Nowhere does Edwards hint that its microparticles 
are aggregates of nanoparticles or even "association[s] of . . . nanometer-sized molecules." 36 

c. Edwards Teaches Away From Appellants' Aggregates 
Comprising Nanoparticulate Drug Particles 

Evidence that Appellants' claimed invention is not obvious is the fact that Edwards teaches 

away from Appellants' claimed invention because the reference strongly suggests that nanoparticles 



Id. at 12 (emphasis added). 

34 KSR 127 S.Ct. at 1742, 82 USPQ2d at 1397. 

35 Ex parte Clapp 227 USPQ 972, 973 (Bd. Pat. App. & Interf 1985). See also Ex parte Levengood 28 
USPQ2d 1300 (Bd. Pat. App. & Interf. 1993). The PTO's own instructions to patent examiners describes 
various potential sources of rationales to modify or combine references, but the PTO here has not availed itself 
of even one of those sources. See MPEP § 2144 (Rev. 5, Aug. 2006). 

36 Examiner's Answer at 12. 
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would be ineffective for delivery of a drug to the pulmonary system. "[References that teach away 

cannot serve to create a prima facie case of obviousness." 37 

Here, Edwards teaches that larger drug particles, e.g., those having a mean diameter between 

Sfjm and 30 jum, are used to provide maximum deposition of the drug within the lungs. 38 Moreover, 

the larger particles of Edwards avoid the fate of "very small particles of less than five microns in 

diameter, preferably between one and three microns in diameter, which are then subject to 

phagocytosis.'* 39 Edwards therefore teaches that inhalation of larger, not smaller, drug particles are 

necessary for delivery of the drug to the lungs to avoid the risk of phagocytosis. Consequently, a 

person of ordinary skill in the art would have been dissuaded by Edwards from making smaller drug 

particles for their delivery to the lung. 

2. Edwards Teaches Amorphous Drug Particles, Whereas the Claims 
Require Crystalline Drug Nanoparticles 

Moreover, Edwards does not teach or suggest that the drug must be crystalline, as required by 

each of Appellants' claims. Edwards teaches several methods of manufacturing the disclosed drug 

microparticles, including emulsion solvent evaporation and spray drying, that result in amorphous 

drug substances. 40 

In contrast to the amorphous particles of Edwards, Appellants' claimed invention requires 
crystalline drug nanoparticles. In light of this difference, the PTO has failed to articulate why a 
person of ordinary skill in the art would have sought to modify the compositions of Edwards to arrive 
at dry powder aggregates comprising nanoparticulate crystalline drug. 



37 McGinley v. Franklin Sports, Inc., 262 F. 3d 1339, 1354 (Fed. Cir. 2001) (citing In re Gurtey, 27 F. 3d 551, 
553 (Fed. Cir. 1994)). 

38 See Edwards at col. 5, lines 10-15. 

39 Id. at col. 5, lines 16-18. 

40 See Appellants' Response dated July 1 1, 2002 at page 6. See also Edwards at col. 8, lines 7-10; col. 13, lines 
49 to col. 14, line 19 (Example 1; evaporation); col. 14, lines 21 to 49 (Example 2; spray-drying). 



W*SH_1 964033.1 



-20- 



Application No. 09/190,138 
Atty. Dkt. No. 029318-0109 



Evidently recognizing that Edwards fails on this score, the PTO again invoked its novel 
theory of obviousness: 

The selection of a crystalline therapeutic agent is obviously 
something that would have been apparent to a person of ordinary 
skill in the art, especially given that "recrystallization" is a 
commonly used purification technique of small molecule 
therapeutics. 41 

No scientific reasoning, guiding methodology, or even reference to legal precedent is 
proffered to explain why this purported fact is so obvious or apparent. Moreover, even if one were to 
accept this "obvious" notion, the PTO's argument completely misses the mark: the claims require the 
recited composition to comprise a crystalline drug, and so it is entirely irrelevant what morphology of 
a drug may result from purification by recrystallization, or what morphology might be selected in a 
starting material. What is relevant is the absence of any apparent reason for the skilled artisan to 
select a crystalline drug for inhalable drug formulations where Edwards expressly suggests the use of 
amorphous drug particles. 

3. Edwards Does not Teach or Suggest Spherically Shaped Aggregates 

Appellants' claimed invention is further patentable over Edwards because Appellants' claims 
require spherically-shaped aggregates, whereas Edwards, in contrast, teaches microparticles that are 
"rough (non-smooth) [and] non-spherical . . ," 42 

Moreover, Edwards teaches away from Appellants' claimed invention because the reference 
emphasizes that the aerodynamic lightness of the disclosed particles is achieved in part by creating 
irregular surface structures on the particles. 43 

In the Examiner's Answer, the PTO lifts from Edwards a single passage to fortify its 
position: 



41 Examiner's Answer at 13. 

42 Edwards at col. 9, lines 15-17. 
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The polymeric particles are preferably prepared by spray drying. 
Prior methods of spray drying, such as that disclosed in PCT WO 
96/09814 by Sutton and Johnson, disclose the preparation of smooth, 
spherical microparticles of a water-soluble material with at least 90% 
of the particles possessing a mean size between 1 and 10 jum. The 
method disclosed herein provides rough (non-smooth), non-spherical 
microparticles that include a water-soluble material combined with 
a water-insoluble material. At least 90% of the particles possess a 
mean size between 5 and 30 jum, and a low mass or tap density (less 
than 0.4 g/cc). 44 

Thus, Edwards distinguishes its method and particles from the prior art evidently represented 
by WO 96/09814 by explicitly stating that Edwards' method yields non-spherical microparticles. 45 
Taking the view that Edwards discloses exactly the opposite, i.e., spherical particles, has no factual or 
legal basis. 46 Edwards, therefore, flatly contradicts the PTO's position: the reference does not teach 
or suggest the recited spherically shaped aggregates. Because Edwards achieves its stated objective 
by utilizing non-spherical particles, there is no apparent reason why a person of ordinary skill in the 
art would select spherically shaped aggregates. 



4. Because Edwards Teaches Large Particles That "Degrade," Edwards 
Fails to Teach or Suggest the Claimed Aggregates That Yield 
Nanoparticulate Drug Dispersions 

The PTO has not rebutted Appellants' arguments that Edwards does not teach or suggest that 

the claimed aggregates of nanoparticulate drug return to nanoparticulate drug particle dispersions 

upon reconstitution in an aqueous liquid medium. 47 "Obviousness requires a suggestion of all 



43 See id. at col. 5, lines 64-67. 

44 Edwards at col. 9, lines 11-21 (emphasis added). 

45 The PTO does not cite and apparently does not even rely upon WO 96/098 14, which in any event, according 
to Edwards, concerns particles of a water-soluble material where at least 90% of the particles have a mean size 
between 1 and 10 fjm, in stark contrast to the requirements of Appellants' claims (i.e., poorly soluble drug and 
effective average particle size of less than about 1000 nm). 

46 The PTO's mischaracterization of Edwards in this regard is not an oversight. Throughout prosecution, the 
PTO repeatedly has relied upon this single passage. See, e.g., Examiner's Answer at 1 1 and Office Action dated 
January 14, 2004 at 2. 

47 See Appellants' Response dated May 14, 2004 at page 25. 
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elements in a claim." 48 The PTO is thus required to articulate why this feature of Appellants' 
invention would have been obvious. 

The PTO characterized the reference as teaching the variance of a number of parameters that 
would facilitate the prior art particles in reaching selected regions of the respiratory tract. 49 This is 
irrelevant: the reference still does not teach or suggest that aggregates as claimed are reconstituted 
into nanoparticulate drug particle dispersions. In fact, Edwards teaches instead that the disclosed 
large and aerodynamically light drug particles simply "undergo slow degradation and drug release." 50 
There is no evidence whatsoever that what results from such degradation and slow release is a 
nanoparticulate particle dispersion. 

Regarding this issue, the Examiner's Answer presents essentially three arguments that bear 
no relation to this feature of the claimed invention. 

First, the PTO argued that "Appellant claims nanoparticles of drug and not a liquid dispersion 
medium." 51 This statement is absolutely false: Appellants never asserted to claim drug 
nanoparticles. What Appellants do claim are dry powder aerosols comprising the recited aggregates 
that return to nanoparticulate drug dispersions upon reconstitution in an aqueous liquid medium. 52 

Second, the PTO "note[s] that Appellant indicates no specific liquid medium for dispersion 
of the drug particles." 53 The statement is false: the claims explicitly define "an aqueous liquid 
medium." 54 



48 In re Royka, 490 F. 2d 981 (CCPA 1974). 

49 See Office Action dated January 14, 2004 at page 3 (citing Edwards at col. 10, lines 45-55). 

50 Edwards at col. 10, lines 37-38. 

51 Examiner's Answer at 12. 

52 See, e.g. claim 1(c). 

53 Examiner's Answer at 12. 

54 See, e.g. claim 1(c). 
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Finally, the PTO attempted to rebut Appellants' earlier arguments by summarizing certain 
passages in Edwards that are relevant to nothing about the claimed invention. Thus, for instance, the 
PTO relied upon Edwards' teaching that "drug particles may be fabricated with appropriate material, 
surface roughness, diameter and tap density for localized delivery to selected regions of the 
respiratory tract including delivery to the alveoli." 55 While this might be a fair synopsis of Edwards, 
it does not address the fact that Edwards does not teach or suggest any of the features of Appellants' 
claimed invention, 

5. Conclusion 

For all of these reasons, Edwards fails to support the PTO's rejection, and so the claimed 
invention is patentable over Edwards. Consequently, the Board should reconsider and reverse the 
rejection. 

B. Rejection of Claims 11-34, 40- 45, 47, 48, 51-62, 65-96, and 97-119 Under 
35 U.S.C. § 103(a) Over Edwards in View of U.S. Pat. No. 5,145,684 to 
Liversidge et al. ("Liversidge") 

Edwards in combination with Liversidge does not obviate the claimed invention because 

Liversidge remedies none of the deficiencies of Edwards discussed above and because the references 

militate against making the claimed compositions. Specifically, Liversidge is directed to a 

composition of a "crystalline drug substance having a surface modifier adsorbed on the surface 

thereof ... to maintain an effective average particle size of less than about 400 nm." 56 The 

nanoparticulate compositions of Liversidge are disclosed as being useful in oral, parenteral, and 

intravenous administration applications. 57 



Examiner's Answer at 12 (internal citations omitted). 
Liversidge at col. 2, lines 38-43. T 
See id. at col. 8, lines 10-13. 
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In contrast, Edwards discloses "aerodynamically light particles generally hav[ing] a mean 
diameter between 5 jum and 30 //m" 58 for "delivery of a therapeutic agent to the airways of the 
alveolar region of the lung." 59 The references thus embody: (1) non-obvious variants of drug 
compositions and (2) non-overlapping routes of administration. Neither reference therefore suggests 
the claimed aggregate of nanoparticulate drug dispersions nor does the PTO demonstrate how one of 
ordinary skill in the art would modify the light particles of Edwards with the comparatively dense 
crystalline particles of Liversidge to arrive at the claimed invention. 

Moreover, Edwards teaches away from the proposed combination of prior art references 
because Edwards discloses that small drug particles are not useful in the context of pulmonary drug 
delivery. "If references taken in combination would produce a 'seemingly inoperative device,' . . . 
such references teach away from the combination and thus cannot serve as predicates for a prima 
facie case of obviousness." 60 As set forth above, Edwards is directed to large drug particles, i.e., 
5 jum to 30 //m, to avoid the fate of "very small particles of less than five microns in diameter, 
preferably between one and three microns in diameter, which are then subject to phagocytosis." 61 
Therefore, a person of ordinary skill in the art would have been dissuaded by Edwards from using the 
nanoparticulate compositions of Liversidge in a modification of Edwards to arrive at the claimed dry 
powder aerosol. 

In response to Appellants' arguments, The PTO propounded two theories. First, the PTO 
pronounced that "the disclosures in Leversidge [sic, "Liversidge"] . . . are in the same field of 
endeavor as that in Edwards - nanosize drug particles that are surface modified in liquid 



Edwards at col. 4, lines 1-4, 

59 Id. at col. 4, lines 19-20. 

60 See McGinley v. Franklin Sports, Inc., 262 F. 3d 1339, 1354 (Fed. Cir. 2001) (quoting In re Sponnobie, 405 
F. 2d 578, 587 (CCPA 1969)). 

61 Edwards at col. 5, lines 16-18. 
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dispersion." 62 But Edwards and Liversidge are not both directed to nanoparticulate drug particles. 63 
Specifically, as discussed above, Edwards does not teach or suggest drug nanoparticles. 

Second, the PTO styled Liversidge as "addressing] similar problems that were raised in 
Edwards concerning nanosize drug delivery formulations through the respiratory tract . . ." Even a 
cursory inspection of Liversidge indicates that this is not so: Liversidge teaches "that the 
pharmaceutical compositions of this invention will be particularly useful in oral and parenteral, 
including intravenous, administration applications." 64 Liversidge simply does not teach the 
administration of "nanosize drug delivery formulations through the respiratory tract." 65 

Furthermore, the Examiner's Answer presents an illogical argument as to how Liversidge 

encompasses pulmonary delivery of drugs: 

Oral administration encompasses oral inhalation, and therefore 
administration to the respiratory system. 

Delivery through the mouth is termed "oral" and delivery via the 
nose is termed "nasal." 66 

Such 'logic' cannot survive even a gentle application of common sense. The skilled artisan 

imbued with knowledge of the pharmaceutical arts clearly would understand that "oral 

administration" targets the oral cavity and/or gastrointestinal tract, while "oral inhalation" targets the 

pulmonary tract. To drive the point home, one does not inhale a pill, nor does one swallow an 

aerosol. 



Office Action dated January 14, 2004 at page 4. 
See Appellants* Response dated May 14, 2004 at page 27. 
Liversidge at col. 8, lines 10-13. 
Office Action dated January 14, 2004 at page 4. 
Examiner's Answer at 14. 
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Because the PTO has not advanced any credible reason why Edward and Liversidge can be 
properly combined in a manner so as to render obvious the invention, the claims are patentable over 
this combination of references, and so the Board should reverse this ground for rejection. 

C. Rejection of Claims 35, 36, 49, 63, and 64 Under 35 U.S.C. § 103(a) over 
Edwards in View of U.S. Pat. No. 5,202,110 to Dalby ("Dalby") 

The combination of Edwards and Dalby does not obviate the claimed invention because 
Edwards is not a competent reference and because Dalby fails to remedy the deficiencies of Edwards. 
The PTO relies upon Edwards here "for all that it teaches as stated previously" 67 and, in particular, 
for the reference's alleged disclosure of "spherical, nanosize aerosol particles of drug . . ," 68 
Additionally, the PTO cites Dalby "for teaching propellant metered dose inhalers where the 
propellant is a 'non-CFC propellant." 69 

For all of the foregoing reasons, Edwards does not teach or suggest the claimed invention. 
Specifically, nowhere does Edwards disclose the cited "spherical, nanosize aerosol particles of 
drug . . ." In contrast to the PTO's characterization of the reference, Edwards teaches aerosol 
particles that have "a mean diameter of between approximately 5 jum and 30 //m" 70 that are rough 
(non-smooth) [and] non-spherical . . ." 71 

Dalby, as with Edwards, does not teach or suggest aggregates of crystalline, nanoparticulate 
drug particles as required by each of Appellants' claims. Dalby is directed to formulations of 
beclomethasone diproprionate for aerosol delivery via a metered dose inhaler. 72 In particular, Dalby 
teaches that "the micronized drug . . . should be easily dispersible in the propellant or propellant 



67 Office Action dated December 24, 2004 at page 4, 

68 Office Action dated January 14, 2004 at page 4. 

69 See Office Action dated December 24, 2004 at page 4. See also Office Action dated January 14, 2004 at page 
4. 

70 Edwards at col. 6, lines 1-7, 

71 Id. at col. 9, lines 15-17. 
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blend with the aid of a surfactant, or completely dissolve." 73 Dalby therefore does not teach or 
suggest that the disclosed drug particles are or should be crystalline, much less that the particles form 
spherically-shaped aggregates measuring less than or equal to about 100 microns in diameter as 
claimed. 

In the PTO's own words: "Dalby was relied on as teaching the propellant or aerosolized 
formulation for delivery of nanosized beclomethasone particles . . ," 74 But Dalby does not teach 
nanosized beclomethasone. At best, Dalby generally admits of drug particle sizes falling within the 
exemplary range of 0.1 to 10 //m, 75 which is not the same as or suggestive of the claimed effective 
average size of less than about 1000 nm. 

Thus, if the skilled artisan were to combine Edwards and Dalby, the claimed nanoparticulate 
drug composition would not result. Moreover, as discussed above, Edwards explicitly counsels 
against smaller particle sizes, preferring instead those with a mean diameter of about 5 to 30 //m. 
Edwards and Dalby, therefore, fail to support this ground for rejection, and so Appellants urge the 
Board to reverse it. 

D. Rejection of Claims 120 and 121 Under 35 U.S.C. § 103(a) over Edwards in 
View of Goodman & Gilman's, The Pharmacological Basis of Therapeutics, 
Ninth edition, page 666 (McGraw-Hill, 1996) ("Goodman") 

The combination of Edwards and Goodman fails to support the PTO's obviousness rejection 

because Goodman does not remedy the deficiencies of Edwards discussed above. The PTO relied 

upon Goodman simply to the extent that the reference "teaches . . . beclomethasone dipropionate . . . 

[as a] steroid administered for asthma in aerosol formulations." 76 



72 See Dalby at col. 2, lines 22-26. 

73 Id. at col. 2, lines 36-38. 

74 Examiner's Answer at 14. 

75 See Dalby at col. 2, line 45. 

76 Office Action dated December 24, 2002 at page 6. 
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Goodman does not address the requisite: (1) spherically-shaped aggregates of drug 
nanoparticles having a surface modifier adsorbed to the surface thereof, (2) drug nanoparticles that 
are crystalline and (3) that have an effective average particle size of less than about 1 micron, and 
(4) spherically-shaped aggregates that must yield back nanoparticulate drug dispersions upon 
reconstitution in an aqueous medium. Because Edwards also does not teach or suggest any of these 
claimed features of Appellants' invention, supra, the combination of Edwards and Goodman also 
fails to do so. 

The PTO asserted that Goodman, via its disclosure of beclomethasone dipropionate being 
available in aerosol formulations and therefore useful for treating asthma, suggests the use of the drug 
in the formulations of Edwards. 77 Goodman adds nothing material to Edwards that would undermine 
the patentability of the claims. For the reasons given above, Edwards is not a competent reference, 
and so the PTO's reliance upon Goodman here is wholly unavailing. Accordingly, the Board should 
also reverse this ground for rejection. 



Office Action dated December 24, 2002 at page 6. 
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Conclusion 



Edwards, alone or in combination with any of the cited secondary references, does not teach 
or suggest the claimed dry powder aerosol comprising spherically-shaped aggregates of crystalline, 
submicron-sized drug nanoparticles. Further evidence of non-obviousness is the fact that Edwards 
specifically teaches away from the use of heavier smaller drug particles and teaches away from the 
use of spherically-shaped particles. Because none of the secondary references would persuade the 
skilled artisan to discount or ignore the express teaching of Edwards, or at least suggest that the 
compositions of Edwards be modified so as to yield the claimed invention, the PTO has failed to 
establish that Edwards and the cited combinations of prior art references render the claims obvious. 
For all of these reasons, Appellants courteously request the Board to reconsider and reverse all 
grounds for rejection of the claims. 



Respectfully submitted, 
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VIII. CLAIMS APPENDIX 



I. - 10. (cancelled). 

I I . (Previously presented) A dry powder aerosol composition for pulmonary or nasal delivery 
comprising spherically shaped aggregates formed from spray-drying aqueous dispersions of 
nanoparticulate drug particles, wherein: 

(a) the aqueous dispersions of nanoparticulate drug particles: 

(i) comprise a poorly soluble crystalline drug, wherein by "poorly soluble" it is 
meant that the drug has a solubility in at least one liquid dispersion medium of 
less than about 10 mg/ml, 

(ii) have an effective average particle size of less than about 1000 nm, meaning at 
least 50% of the drug particles have a particle size of less than about 1000 nm, 
and 

(iii) have a surface modifier adsorbed on the surface thereof; and 

(b) the aggregates of such spray-dried drug particle dispersions are less than or equal to 
about 1 00 microns in diameter; and 

(c) such aggregates return to nanoparticulate drug particle dispersions upon reconstitution in 
an aqueous liquid medium. 

12. (Original) The aerosol composition of claim 1 1 further comprising a diluent. 

13. (Original) The aerosol composition of claim 12, wherein essentially every diluent particle 
comprises at least one embedded nanoparticulate drug particle having a surface modifier adhered to 
the surface of the drug particle. 
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14. (Original) The aerosol composition of claim 11, wherein the drug is selected from the group 
consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, asthma 
therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis therapies, 
chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, therapies for 
tuberculosis and other infections of the lung, fungal infection therapies, and respiratory illness 
therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti-emetic, 
and a cardiovascular agent. 

1 5 . (Previously Presented) The aerosol composition of claim 1 1 , wherein the nanoparticulate drug 
particles have an effective average particle size of less than about 400 nm. 

16. (Original) The aerosol composition of claim 11, wherein the aerosol comprises a concentration 
of a drug in an amount of from about 0.05 mg/g up to about 900 mg/g. 

17. (Original) The aerosol composition of claim 16, wherein the aerosol comprises a concentration 
of a drug selected from the group consisting of about 10 mg/g or more, about 100 mg/g or more, 
about 200 mg/g or more, about 400 mg/g or more, about 600 mg/g or more, and about 900 mg/g. 

18. (Previously Presented) The aerosol composition of claim 1 1 , wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 2 to about 10 
microns. 

1 9. (Previously Presented) The aerosol composition of claim 1 8, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 2 to about 6 
microns. 

20. (Previously Presented) The aerosol composition of claim 11, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of less than about 2 microns. 
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21. (Previously Presented) The aerosol composition of claim 11, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 5 to about 100 urn. 

22. (Previously Presented) The aerosol composition of claim 21 , wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 30 to about 60 fim. 

23. (Previously presented) A dry powder aerosol composition for pulmonary or nasal delivery 
comprising spherically shaped aggregates formed from freeze-drying aqueous dispersions of 
nanoparticulate drug particles, wherein: 

(a) the aggregates of such freeze-dried drug particle dispersions are less than or equal to 
about 1 00 microns in diameter; 

(b) the aqueous dispersions of nanoparticulate drug particles: 

(i) comprise a poorly soluble crystalline drug, wherein by "poorly soluble" it is 
meant that the drug has a solubility in at least one liquid dispersion medium of 
less than about 10 mg/ml, 

(ii) have an effective average particle size of less than about 1000 nm, meaning at 
least 50% of the drug particles have a particle size of less than about 1000 nm, 
and 

(iii) have a surface modifier adsorbed on the surface thereof; and 

(c) such aggregates return to nanoparticulate drug particle dispersions upon reconstitution in 
an aqueous liquid medium. 

24. (Original) The aerosol composition of claim 23, further comprising a diluent. 

25. (Previously Presented) The aerosol composition of claim 23, wherein the drug is selected from 
the group consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, 
asthma therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis 
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therapies, chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, 
therapies for tuberculosis and other infections of the lung, fungal infection therapies, and respiratory 
illness therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti- 
emetic, and a cardiovascular agent. 

26. (Previously Presented) The aerosol composition of claim 23, wherein the nanoparticulate drug 
particles have an effective average particle size of less than about 400 nm. 

27. (Original) The aerosol composition of claim 23, wherein the aerosol comprises a concentration 
of a drug in an amount of from about 0.05 mg/g up to about 900 mg/g. 

28. (Original) The aerosol composition of claim 27, wherein the aerosol comprises a concentration 
of a drug selected from the group consisting of about 10 mg/g or more, about 100 mg/g or more, 
about 200 mg/g or more, about 400 mg/g or more, about 600 mg/g or more, and about 900 mg/g. 

29. (Previously Presented) The aerosol composition of claim 23, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 2 to about 10 
microns. 

30. (Previously Presented) The aerosol composition of claim 29, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 2 to about 6 
microns. 

31 . (Previously Presented) The aerosol composition of claim 23, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of less than about 2 microns. 

32. (Previously Presented) The aerosol composition of claim 23, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 5 to about 100 ^im. 
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33. (Previously Presented) The aerosol composition of claim 32, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 30 to about 60 |am. 

34. (Original) The aerosol composition of claim 23, further comprising spray-dried nanoparticulate 
drug powder, wherein the drug of the freeze-dried nanoparticulate drug powder is either the same or 
different from the drug of the spray-dried nanoparticulate drug powder. 

35. (Previously presented) A dry powder nanoparticulate aerosol composition for use in a 
propellant-based pMDI comprising 

(a) spherically shaped aggregates of a nanoparticulate poorly soluble crystalline drug 
particles, wherein by "poorly soluble" it is meant that the drug has a solubility in at least 
one liquid dispersion medium of less than about 10 mg/ml, wherein the aggregates are 
less than or equal to about 100 microns in diameter, wherein such aggregates return to 
nanoparticulate drug particles upon reconstitution in an aqueous liquid medium, and 
wherein the drug particles: 

(i) have a surface modifier adsorbed on the surface thereof, and 

(ii) have an effective average particle size of less than about 1 000 nm, meaning 
at least 50% of the drug particles have a particle size of less than about 1000 
nm, and 

(b) a non-aqueous propellant. 

36. (Original) The aerosol composition of claim 35, wherein the propellant is a non-CFC propellant. 

37. -39. (Cancelled) 

40. (Previously presented) A method of making a dry powder nanoparticulate drug composition 
comprising: 

(a) forming an aqueous nanoparticulate dispersion of a poorly soluble drug, wherein: 
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(i) the dispersion comprises poorly soluble crystalline drug particles and a surface 
modifier adsorbed on the surface thereof, wherein by "poorly soluble" it is meant that 
the drug has a solubility in the liquid dispersion medium of less than about 10 mg/ml, 
and 

(ii) the drug particles have an effective average particle size of less than about 1000 nm, 
meaning at least 50% of the drug particles have a particle size of less than about 1000 
nm; and 

(b) spray-drying the nanoparticulate dispersion to form a dry powder of spherically shaped 
aggregates of the nanoparticulate drug and surface modifier particles, wherein the 
aggregates have a diameter of less than or equal to about 100 microns, and wherein such 
aggregates return to a nanoparticulate drug dispersion upon reconstitution in an aqueous 
liquid medium. 

41 . (Original) The method of claim 40, further comprising adding a diluent to the nanoparticulate 
dispersion prior to spray-drying, wherein following spray-drying essentially every diluent particle 
contains at least one embedded drug particle and a surface modifier. 

42. (Previously presented) A method of making a dry powder nanoparticulate drug aerosol 
formulation comprising: 

(a) milling under non-pressurized conditions in a non-aqueous medium having a high boiling 
point a dispersion comprising the following: 

(i) a poorly soluble crystalline drug, wherein by "poorly soluble" it is meant that the 
drug has a solubility in the non-aqueous medium of less than about 10 mg/ml, 
and 
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(ii) a surface modifier, to obtain a nanoparticulate drug composition having an 

effective average particle size of less than about 1000 nm, meaning at least 50% 
of the drug particles have a particle size of less than about 1000 nm, and 
(b) evaporating the non-aqueous medium to obtain a dry powder of spherically shaped 

aggregates of drug and surface modifier particles, wherein the aggregates have a diameter 
of less than or equal to about 100 microns, and wherein such aggregates return to 
nanoparticulate drug particle dispersions upon reconstitution in an aqueous liquid 
medium. 

43. (Previously presented) A method of making an aerosol composition comprising: 

(a) milling under pressurized conditions in a non-aqueous medium a dispersion comprising 
the following: 

(i) a poorly soluble crystalline drug, wherein by "poorly soluble" it is meant that the 
drug has a solubility in the non-aqueous dispersion medium of less than about 10 
mg/ml, and 

(ii) a surface modifier, to obtain a drug having an effective average particle size of 
less than about 1000 nm, meaning at least 50% of the drug particles have a 
particle size of less than about 1 000 nm; 

(b) evaporating the non-aqueous medium to obtain a dry powder of spherically shaped 
aggregates of drug and surface modifier particles, wherein the aggregates have a diameter 
of less than or equal to about 1 00 microns, and wherein such aggregates return to 
nanoparticulate drug particle dispersions upon reconstitution in an aqueous liquid 
medium; and 

(c) formulating the dry powder spherically shaped aggregates into an aerosol composition. 
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44. (Previously presented) A method of making a dry powder nanoparticulate drug composition 
comprising: 

(a) forming an aqueous nanoparticulate dispersion of a poorly soluble drug, wherein: 

(i) the dispersion comprises poorly soluble crystalline drug particles, wherein by 
"poorly soluble'* it is meant that the drug has a solubility in the liquid dispersion 
medium of less than about 10 mg/ml, and wherein the drug particles have an 
effective average particle size of less than about 1000 nm, meaning at least 50% 
of the drug particles have a particle size of less than about 1 000 nm, and 

(ii) a surface modifier adsorbed on the surface thereof; and 

(b) freeze-drying the nanoparticulate dispersion to form a dry powder of spherically shaped 
aggregates of the nanoparticulate drug and surface modifier particles, wherein the 
aggregates have a diameter of less than or equal to about 1 00 microns, and wherein such 
aggregates return to nanoparticulate drug particle dispersions upon reconstitution in an 
aqueous liquid medium. 

45. (Original) The method of claim 44, further comprising adding a diluent to the nanoparticulate 
dispersion prior to freeze-drying, wherein following freeze-drying essentially every diluent particle 
contains at least one embedded drug particle and a surface modifier. 

46. (Cancelled). 

47. (Original) A method of administering the aerosol of claim 1 1 to a patient, wherein the aerosol 
comprises drug at a concentration of 10 mg/g or greater, and wherein the patient delivery time for the 
aerosol administration is about 15 seconds or less. 
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48. (Original) A method of administering the aerosol of claim 23 to a patient, wherein the aerosol 
comprises drug at a concentration of 10 mg/g or greater, and wherein the patient delivery time for the 
aerosol administration is about 15 seconds or less. 

49. (Original) A method of administering the aerosol of claim 35 to a patient, wherein the aerosol 
comprises drug at a concentration of 10 mg/g or greater, and wherein the patient delivery time for the 
aerosol administration is about 15 seconds or less. 

50. (Cancelled). 

5 1 . (Previously Presented) The aerosol composition of claim 1 1 , wherein the nanoparticulate drug 
particles have an effective average particle size of less than about 300 nm. 

52. (Previously Presented) The aerosol composition of claim 1 1 , wherein the nanoparticulate drug 
particles have an effective average particle size of less than about 250 nm. 

53. (Previously Presented) The aerosol composition of claim 1 1 , wherein the nanoparticulate drug 
particles have an effective average particle size of less than about 100 nm. 

54. (Previously Presented) The aerosol composition of claim 11, wherein the nanoparticulate drug 
particles have an effective average particle size of less than about 50 nm. 

55. (Previously Presented) The aerosol composition of claim 23, wherein the nanoparticulate drug 
particles have an effective average particle size of less than about 300 nm. 

56. (Previously Presented) The aerosol composition of claim 23, wherein the nanoparticulate drug 
particles have an effective average particle size of less than about 250 nm. 

57. (Previously Presented) The aerosol composition of claim 23, wherein the nanoparticulate drug 
particles have an effective average particle size of less than about 100 nm. 
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58. (Previously Presented) The aerosol composition of claim 23, wherein the nanoparticulate drug 
particles have an effective average particle size of less than about 50 nm. 

59. (Previously Presented) The aerosol composition of claim 11, wherein at least 70% of the drug 
particles have a particle size of less than about 1000 nm. 

60. (Previously Presented) The aerosol composition of claim 1 1 , wherein at least 90% of the drug 
particles have a particle size of less than about 1000 nm. 

61 . (Previously Presented) The aerosol composition of claim 23, wherein at least 70% of the drug 
particles have a particle size of less than about 1000 nm. 

62. (Previously Presented) The aerosol composition of claim 23, wherein at least 90% of the drug 
particles have a particle size of less than about 1000 nm. 

63. (Previously Presented) The aerosol composition of claim 35, wherein at least 70% of the drug 
particles have a particle size of less than about 1000 nm. 

64. (Previously Presented) The aerosol composition of claim 35, wherein at least 90% of the drug 
particles have a particle size of less than about 1000 nm. 

65. (Previously Presented) The aerosol composition of claim 42, wherein at least 70% of the drug 
particles have a particle size of less than about 1000 nm. 

66. (Previously Presented) The aerosol composition of claim 42, wherein at least 90% of the drug 
particles have a particle size of less than about 1000 nm. 

67. (Previously Presented) The aerosol composition of claim 43, wherein at least 70% of the drug 
particles have a particle size of less than about 1000 nm. 
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68. (Previously Presented) The aerosol composition of claim 43, wherein at least 90% of the drug 
particles have a particle size of less than about 1000 run. 

69. (Previously Presented) The aerosol composition of claim 44, wherein at least 70% of the drug 
particles have a particle size of less than about 1000 nm. 

70. (Previously Presented) The aerosol composition of claim 44, wherein at least 90% of the drug 
particles have a particle size of less than about 1000 nm. 

71 . (Previously Presented) The aerosol composition of claim 19, wherein the drug is selected from 
the group consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, 
asthma therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis 
therapies, chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, 
therapies for tuberculosis and other infections of the lung, fungal infection therapies, and respiratory 
illness therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti- 
emetic, and a cardiovascular agent. 

72. (Previously Presented) The aerosol composition of claim 19, wherein the nanoparticulate drug 
particles have an effective average particle size selected from the group consisting of less than about 
400 nm, less than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 
50 nm. 

73. (Previously Presented) The aerosol composition of claim 20, wherein the drug is selected from 
the group consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, 
asthma therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis 
therapies, chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, 
therapies for tuberculosis and other infections of the lung, fungal infection therapies, and respiratory 
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illness therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti- 
emetic, and a cardiovascular agent. 

74. (Previously Presented) The aerosol composition of claim 20, wherein the nanoparticulate drug 
particles have an effective average particle size selected from the group consisting of less than about 
400 nm, less than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 
50 nm. 

75. (Previously Presented) The aerosol composition of claim 22, wherein the drug is selected from 
the group consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, 
asthma therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis 
therapies, chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, 
therapies for tuberculosis and other infections of the lung, fungal infection therapies, and respiratory 
illness therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti- 
emetic, and a cardiovascular agent. 

76. (Previously Presented) The aerosol composition of claim 22, wherein the nanoparticulate drug 
particles have an effective average particle size selected from the group consisting of less than about 
400 nm, less than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 
50 nm, 

77. (Previously Presented) The aerosol composition of claim 30, wherein the drug is selected from 
the group consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, 
asthma therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis 
therapies, chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, 
therapies for tuberculosis and other infections of the lung, fungal infection therapies, and respiratory 
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illness therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti- 
emetic, and a cardiovascular agent. 

78. (Previously Presented) The aerosol composition of claim 30, wherein the nanoparticulate drug 
particles have an effective average particle size selected from the group consisting of less than about 
400 nm, less than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 
50 nm. 

79. (Previously Presented) The aerosol composition of claim 31, wherein the drug is selected from 
the group consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, 
asthma therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis 
therapies, chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, 
therapies for tuberculosis and other infections of the lung, fungal infection therapies, and respiratory 
illness therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti- 
emetic, and a cardiovascular agent. 

80. (Previously Presented) The aerosol composition of claim 31, wherein the nanoparticulate drug 
particles have an effective average particle size selected from the group consisting of less than about 
400 nm, less than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 
50 nm. 

81 . (Previously Presented) The aerosol composition of claim 33, wherein the drug is selected from 
the group consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, 
asthma therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis 
therapies, chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, 
therapies for tuberculosis and other infections of the lung, fungal infection therapies, and respiratory 
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illness therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti- 
emetic, and a cardiovascular agent. 

82. (Previously Presented) The aerosol composition of claim 33, wherein the nanoparticulate drug 
particles have an effective average particle size selected from the group consisting of less than about 
400 nm, less than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 
50 nm. 

83. (Previously Presented) The aerosol composition of claim 35, wherein the drug is selected from 
the group consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, 
asthma therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis 
therapies, chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, 
therapies for tuberculosis and other infections of the lung, fungal infection therapies, and respiratory 
illness therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti- 
emetic, and a cardiovascular agent. 

84. (Previously Presented) The aerosol composition of claim 35, wherein the nanoparticulate drug 
particles have an effective average particle size selected from the group consisting of less than about 
400 nm, less than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 
50 nm. 

85. (Previously Presented) The aerosol composition of claim 35, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 2 to about 10 
microns. 

86. (Previously Presented) The aerosol composition of claim 85, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 2 to about 6 
microns. 
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87. (Previously Presented) The aerosol composition of claim 35, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of less than about 2 
microns. 

88. (Previously Presented) The aerosol composition of claim 35, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 5 to about 100 jam. 

89. (Previously Presented) The aerosol composition of claim 88, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 30 to about 60 fim. 

90. (Previously Presented) The method of claim 40, wherein the drug is selected from the group 
consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, asthma 
therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis therapies, 
chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, therapies for 
tuberculosis and other infections of the lung, fungal infection therapies, and respiratory illness 
therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti-emetic, 
and a cardiovascular agent. 

91 . (Previously Presented) The method of claim 40, wherein the nanoparticulate drug particles have 
an effective average particle size selected from the group consisting of less than about 400 nm, less 
than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 50 nm. 

92. (Previously Presented) The method of claim 40, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 2 to about 10 microns. 

93. (Previously Presented) The method of claim 92, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 2 to about 6 microns. 
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94. (Previously Presented) The method of claim 40, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of less than about 2 microns. 

95. (Previously Presented) The method of claim 40, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 5 to about 100 jam. 

96. (Previously Presented) The method of claim 95, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 30 to about 60 jim. 

97. (Previously Presented) The method of claim 42, wherein the drug is selected from the group 
consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, asthma 
therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis therapies, 
chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, therapies for 
tuberculosis and other infections of the lung, fungal infection therapies, and respiratory illness 
therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti-emetic, 
and a cardiovascular agent. 

98. (Previously Presented) The method of claim 42, wherein the nanoparticulate drug particles have 
an effective average particle size selected from the group consisting of less than about 400 nm, less 
than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 50 nm. 

99. (Previously Presented) The method of claim 42, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 2 to about 10 microns. 

100. (Previously Presented) The method of claim 99, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 2 to about 6 microns. 

101. (Previously Presented) The method of claim 42, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of less than about 2 microns. 
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102. (Previously Presented) The method of claim 42, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 5 to about 100 |im. 

103. (Previously Presented) The method of claim 102, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 30 to about 60 jam. 

104. (Previously Presented) The method of claim 43, wherein the drug is selected from the group 
consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, asthma 
therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis therapies, 
chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, therapies for 
tuberculosis and other infections of the lung, fungal infection therapies, and respiratory illness 
therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti-emetic, 
and a cardiovascular agent. 

105. (Previously Presented) The method of claim 43, wherein the nanoparticulate drug particles 
have an effective average particle size selected from the group consisting of less than about 400 nm, 
less than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 50 nm. 

106. (Previously Presented) The method of claim 43, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 2 to about 10 microns. 

107. (Previously Presented) The method of claim 106, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 2 to about 6 microns. 

108. (Previously Presented) The method of claim 43, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of less than about 2 microns. 

109. (Previously Presented) The method of claim 43, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 5 to about 100 jim. 
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1 10. (Previously Presented) The method of claim 109, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 30 to about 60 jim. 

111. (Previously Presented) The method of claim 44, wherein the drug is selected from the group 
consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, asthma 
therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis therapies, 
chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, therapies for 
tuberculosis and other infections of the lung, fungal infection therapies, and respiratory illness 
therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti-emetic, 
and a cardiovascular agent. 

112. (Previously Presented) The method of claim 44, wherein the nanoparticulate drug particles 
have an effective average particle size selected from the group consisting of less than about 400 nm, 
less than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 50 nm. 

113. (Previously Presented) The method of claim 44, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 2 to about 10 microns. 

1 14. (Previously Presented) The method of claim 113, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 2 to about 6 microns. 

115. (Previously Presented) The method of claim 44, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of less than about 2 microns. 

1 16. (Previously Presented) The method of claim 44, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 5 to about 100 jim. 

1 17. (Previously Presented) The method of claim 116, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 30 to about 60 jam. 
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1 18. (Previously Presented) The aerosol composition of any one of claims 14, 25, 71, 73, 75, 77, 79, 
81, or 83 wherein the drug is selected from the group consisting of a bronchodilator, a corticosteroid, 
and an anti-fungal. 

1 19. (Previously Presented) The method of any one of claims 90, 97, 104, and 111, wherein the drug 
is selected from the group consisting of a bronchodilator, a corticosteroid, and an anti-fungal. 

120. (Previously Presented) The aerosol composition of claim 14, wherein the drug is selected from 
the group consisting of beclomethasone dipropionate, naproxen, triamcinolone acetonide, 
budesonide, and an anti-emetic. 

121. (Previously Presented) The aerosol composition of claim 25, wherein the drug is selected from 
the group consisting of beclomethasone dipropionate, naproxen, triamcinolone acetonide, 
budesonide, and an anti-emetic. 
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IX. EVIDENCE APPENDIX 

Appellants append copies of the following evidence that was introduced and entered into the 
record during prosecution: 



1 . P. Byron, "Aerosol Formulation, Generation, and Delivery Using Nonmetered Systems," 
Respiratory Drug Delivery, 144-151 (CRC Press, 1989); submitted with Appellants' 
Response filed on November 27, 2000 and "acknowledged" by the PTO in the Office Action 
mailed on February 5, 2001 . 

2. a. U.S. Pat. No. 5,145,684; 

b. "Test Method B527-93(2000)el Standard Test Method for Determination of Tap Density 
of Metallic Powders and Compounds," 

http://www.astm.org/DATABASE.CART/PAGES/B527.htm ; 

c. "Autotap and Dual Autotap," http://www.quantachrome.com/Density/ Autotap.htm ; 

d. "Optimal Tapped Density Tester," http://optimalcontrol.com/ tapped.html ; and 

e. Edwards et al., "Large Porous Particles for Pulmonary Drug Delivery Science," 276: 1 868- 
1871 (June 20, 1997); 

all submitted with Appellants' Response filed on May 5, 2001 and entered by the PTO in the Office 
Action mailed on August 27, 2001 . 



3. a. J. M. Ohrt et al, "Crystal Data (II) for some androstanes," Acta Cryst 19 (1965) 479; 

b. A. L. Thakkar et al, "Crystallographic data for testosterone hydrate and anhydrate," Acta 
Cryst. B26 (1970) 1184; and 

c. J. M. Ohrt et al, "Crystal Data (II) for some estrone-related compounds," Acta Cryst. 17 
(1964) 1611; and 

d. J. P. Beale et al, "DL-N-tbutyl-2(4-hydroxy-3-hydroxymethylphenyl)2-hydroxyethylamin, 
(SAL-butamol, Ah.3365), C 13 H 21 N0 3 " Cryst Struct. Comm. 1 (1972) 71-74; 

all submitted with Appellants' Response filed on July 11, 2002 and entered by the PTO in the Office 
Action mailed on December 24, 2002. 
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X. RELATED PROCEEDINGS APPENDIX 



None. 
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Test Method B527-93(2000)el Standard Test 
Method for Determination of Tap Density of Metallic 
Powders and Compounds 

Copyright 2001 AMERICAN SOCIETY FOR TESTING AND 
MATERIALS, West Conshohocken, PA. All rights reserved. 

1. Scope 

1.1 This test method specifies a method for the determination of 
tap density (packed density) of metallic powders and compounds, 
that Is, the density of a powder that has been tapped, to settle 
contents, In a container under specified conditions. 

1.2 This standard does not purport to address all of the safety 
concerns, If any, associated with its use. It Is the responsibility of 
the user of this standard to establish appropriate safety and 
health practices and determine the applicability of regulatory 
limitations prior to use. 

2. Referenced Documents 

B212 Test Method for Apparent Density of Free-Flowing Metal 
Powders 

B215 Practice for Sampling Finished Lots of Metal Powders 

B243 Termnlnology of Powder Metallurgy 

B222 Test Method for Apparent Density of Powders of Refractory 

Metals and Compounds by Scott Volumeter 

M1Z Test Method for Apparent Density of Non-Free-Flowing 

Metal Powders 

B7Q3 Test Method for Apparent Density of Metal Powders Using 
the Arnold Meter 



Index Terms 

apparent density; bulk density; density; density ratio; metal 
powders; packed density; powder metallurgy; tap density 
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Autotap and Dual Autotap 



The apparent densities of 
powdered, granular of flaked 
materials are highly dependent on 
the manner in which the particles 
are packed together. During 
tapping, smafler particles 
distribute into the spaces 
between larger particles. 
Gradually particles pack more 
efficiently, the powder volume 
decreases and the tap density 

increases, often by 50% to 100%. 

For this measurement, 
Quantachrome has developed 
two instruments which conform to 
the British Pharmacopoeia 
method for Apparent Volume and 
ASTM standard test methods 
B527, 04164 and D4781 for Tap 
Density. These two models, the 
Autotap and the two sample 
Dual Autotap, automate the 
required procedures to provide 
accurate, reproducible values. 




Samples are placed in standard graduated cylinders and mounted on a universal tap platform 
designed to accommodate cylinders from 10 ml to 1000 mL Rotation of the tap platform facilitates 
reading by keeping a flat Interface. After noting the initial volume and weight of the material, tapping 
is started. 

If the material characteristic is unknown, tapping may be done continuously, or step-wise by user 
specified numbers of taps, while noting or graphing the results untU the volume becomes constant In 
either case the number of taps is displayed. Once the material characteristic is known the proper 
number of taps, typically thousands, can be preset on subsequent rum thus freeing the operator for 
other work. 



Specifications 
Graduated Cyllnders(s) 
Cam Shaft Speed 
TapStrok Travel 
Electrical . 
Tap Counter 



250 ml* Dimension Length Width Height 

260 rpm inches 11 21 6 

0.125 inch, 3.18 centimeters 28 54 15 
115 V, 60 Hz Weight SINGLE DUAL 

4 digit (0-9999) pounds 25.1 27.9 

kilograms 11.4 12.7 
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■Available in USP or ASTM versions, our dual 
platform Optimal Tap Density Testers offer a 
standardized and repeatable method for 
measuring tapped or packed volumes of 
powders and granulated or flaked materials. 
Our microprocessor controlled USP model 
features a rotating platform for simultaneous 
tapping and rotation of the cylinder to ensure a level reading. 
The USP version provides a 5/8-Inch vertical drop per tap at 300 
tape per minute and includes one 100 ml funnel top graduated 
cylinder per platform. Our ASTM version (which complies with 
the American Society for Testing and Materials Standards) 
features a non-rotating platform, a 1/8-inch vertical drop per tap 
at 250 taps per minute, and one 250 ml graduated fennel top 
cylinder per platform ASTM method D4164-82 is for testing 
catatyst parities and requires a 250 mi cylinder and platform; 
B527-93 involves metalfc powders and compounds and requires 
a 100 rid cylinder and platform. 

Ail of our Tap Density Testers have digital LEO displays and 
user selectable counter or timer operation. The embedded 
sealed membrane keypad is impervious to dust and parities 
and can be used to calculate density measurements. The units 
can be programmed to any number of taps or time period 
required. An optional thermal printer records program test 
conditions, time, date, and density measurements. 

Tap Density Tester, USP 24/NF19 

Includes dual rotating platform drive units and two 100 ml 
graduated funnel top cylinders (dees &). 
400-001 115V, 60Hz, dual platform, USP 
400402 230V, 50Hz, dual platform, USP 

Tap Density Tester, ASTM 

Includes dual non-rotating platform drive units and two 
graduated funnel top cylinders (class d). 
400-003 1 15V, 60Hz, dual platform, ASTM with 250 ml 
graduated cylinders 

400-004 230V, 50Hz, dual platform, ASTM with 250 ml 
graduated cylinders 

400-006 115V, 60Hz, dual platform, ASTM with 100 ml 
graduated cylinders 

400407 230V, 50Hz, dual platform, ASTM with 100 ml 
graduated cylinders 
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IAA24 are likely participants in auxin gene 
regulation through the TGTCTC elements. 
A single copy of ER6 was a more active 
AuxRE than other construed that con- 
tained two copies of TGTCTC (J, 11) and 
could represent the perfect palindromic 
AuxRE, similar to oSe perfect palindromic 
CRE (4). 

As the COOH-terminal fkxa-motif has 
no apparent effect on ARFl binding to 
DNA, what might be to function? We used 
the COOH-terminal region of ARFl as bait 
in a yeast two-hybrid screen (14) and isolat- 
ed two identical cDNA clones from an Am* 
bidopsa cDNA expression library. The trans- 
lated open reading frame encoded a protein 
(ARFl-Btnding Protein or ARFl -BP) that 
contained a region with amino acid se- 
quence similarity to boxes III and IV of 
ARFl (fig. 2. A and C). ARFl-BP showed 
less similarity to boxes 111 and IV in Aux/ 
IAA and 1AA24 proteins. Thus, boxes III 
and [V in ARFl may facilitate interaction of 
ARFl with ARFl-BP, and these interactions 
may contribute to auxin responsiveness. 

Genetic approaches to dissect the auxin 
signal transduction pathway have resulted 
in the cloning of AXRi, AUX/, and toot- 
les! I genes (15). Identification of the rele- 
vant transcription factors should facilitate 
elucidation of the mechanisms involved in 
auxin-regulated gene expression. 
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Large Porous Particles for 
Pulmonary Drug Delivery 

David A. Edwards,* Justin Hanes, Giovanni Caponetti, 
Jeffrey Hrkach, Abdelaziz Ben-Jebria, Mary Lou Eskew, 
Jeffrey Mintzes, Daniel Deaver, Noah Lotan, Robert Langer* 

A new type of mhatation aerosol, characterized by particles of small mass density and 
targe size, permitted the highly efficient delivery of inhaled therapeutics into the systemic 
circulation. Particles with mass densities fess than 0.4 gram per cubic centimeter and 
mean diameters exceecSng 5 ntoometeiswereirisplred 
the lungs' natural clearance mectanismsuntitr»eirih^ 
apeuttc paytoad. Inhalation of large porous Insufln parties resulted tn elevated system 
levels of fnsufin and suppressed systemic glucose levels for 96 hours, whereas small 
nonporous insulin particles had this effect for only 4 hours. High systemic bioavaiiabiRy 
of testctferorte was also achieved by Inhalation defivery of porous particles with a mean 
diameter (20 micrometers) approximately 10 times that of conventional Inhaled thera- 
peutic particies. 



Inhaled aerosols are effective therapeutic car- 
riers for die ueatumic of respiratory inflam- 
mation (1), cystic fibrosis (2), and other lung 
disorders (3); diey also offer potential for non- 
invasive systemic delivery of peptides and pro- 
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teins (4). Local and systemic inhalation dW- 
spies can often benefit from a controlled re- 
lease of the therapeutic agent (5), as is achiev- 
able with the use of biodegradable polymeric 
materials (6). Sbv release from an inhaled 
dierapeudc particle can prolong the residence 
of an administered drug in the airways or acini 
and can diminish die rate of a drug's appear- 
ance in die bloodstream (7). Also, patient 
compliance increases when dosage frequency 
ia reduced (7). 

The human lungs, however, have efficient 
means of removing deposited particles over 
periods ranging from minutes to hours. In the 
upper airways, ciliated epithelia contribute to 
die "mucociliary escalator" (8), by which par- 
ticles are swept from the airways toward the 
maud). In die deep lungs, an army of alveolar 
macrophages is capable of phagocytosing par- 
ticles soon after their deposition (9). An ef- 
fective slow-release inhalation therapy there- 
fore requires a means of avoiding or suspend- 
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ing the lung!* rutural clearance pacchaniimi 
until encapsulated drugs have been effectively 
delivered. 

Until now, therapeutic dry powder aero- 
sob have been made with partick mass den- 
sities (p) of -1 1 Oi g/cro 3 and mean geo- 
metric diameters (d) of <5 urn to avoid ex- 
cessive deposition in the dry powder inhaler 
(DPI) and oropharyngeal cavity (5, 10). Here, 
we show dot very light particles (p < -0.4 
gfcm 3 ) with d > 5 pm can be deposited in the 
kmg> As a ccroquerice of their large size ard 
low mass density* porous panicles canaerosol- 
oe from a DPI more efficiently than smaller 
nonporous particles, resulting in higher respi- 
rable tractions of inhaled therapeutics. Also 
by virtue of their size, large particles can avoid 
phagocytic clearance from (he lunp until the 
panicles have delivered their therapeutic 
dose; this attribute can be particularly useful 
for amtrolleoWclease inhalation therapies, 

To assess the merits of large porous parti- 
cles for pulmonary drug delivery, we encapsu- 
lated model therapeutics inside parous parti- 
cles (Fig, IA) composed of 50:50 porydacric 
aciOHSKgrycouc acid) (PLGA). Double- and 
single-emulsion solvent evaporation tech- 
niques (II) were used a> prepare porous and 
nonporous PICA panicles, respectivtry. Po- 
rous and nonporous particles of similar aero- 
dynamic diameter (12), loaded with -15 
weight % model therapeutic (oestoscerone), 
were aerosolized into a cascade uopac t o r sys- 
tem (13) from a Spinhakr DPI tor 30 s at an 
airflow rare of 28J liter/run. The cascade 
impactor provides an in vitro system for esd- 
maring die respirable fraction of a dry powder, 
it consists of a closed chamber within which 
flat plates are arranged perpendicular to the 
airflow, such that panicles deposit stagewise 
in a manner reflective of their aerodynamic 
diameters. After deposition on the stages of 
the impactor, particles were collected (13) 
and total panicle mass was assessed stagewise; 
che respirable fraction was determined as die 
percent of total particle mas exiting the DPI, 
recovered from the cenninal, "respirable" stag- 



es of the impactor. Nonporous particles (4 m 
3i un, p = 0.8 g/cm 3 exhibited a 
respirable fraction of 20 J ± 3.5%, whereas 
50 ± 10% of porous pardeks (d » 6\5 jun, p 
** 0.1 g/cm 3 ) were respirable, even diough the 
aerodynarnic diameters (12) of the two parti, 
cle types are nearly identical. The large porous 
particles' high efficiency can be aoributed to 
their smaller suxfaee-to-voluine ratio. Large 
particles agg r eg at e less than small rartfclet , all 
other considerations being equal (15, 16); 
thus, while both have identical aerodynamic 
diameters, the targe particles tend to exit 
the DPI more generally as single particles. 
The smaller particles aggregate more, lead- 
ing to their deposition by gravity and iner- 
tia before reaching the *^espuable l, stages of 
the irnpaccor. 

To assess the milutnee of particle compo- 
sition, we aerosolized a second type of porous 
particle (Fig, IB), coarposed of poryflaede 
add^o-rysme-grt^ (PLAL-Lys) (21). 
The PLAHys particles exhibii some hygro- 
scopicity, possibly a result of their lysine con- 
tent, whereas the PLCA particles do noc 
Porous PLAL-Lys aerosols (d = 6\2 jim, p < 
0.1 g/cm 3 ) exhibited an in vino respirable 
fraction (57 ± 1.9%) similar to that of the 
porous PLGA particles (50 ± 10%), which 
suggests that absolute particle mass density, 
rather than particle chemistry or hygroscopic-' 
ity, is the prime determinant of the relatively 
high respirable tractions observed for the large 
p or ous particles. The values of 50 ± 10% and 
57 £ 1.9% for porous pa n i cl es exceed com- 
parable respirable tractions obtained in recent 
aerosolrrarion studio (15) pertbrmcd with 
mannitol (4 - 0J%) and recombinant hu- 
man granulocyte colony^timulating factor 
(blended with mannitol) (34 ± 2%) powders 
using a Spinhaler DPI at a similar airflow rate 
(30 liter/min). 

To determine whether the relatively effi- 
cient in vitro aeroso li ta ti on of large porous 
particles translates into improved respirable 
tractions in vivo, we aerosolized porous and 
nonporous panicles into the airways of rats 



Hg. Z Total paitkfa recovery fri rat lungs after 
broncfttsrveotar lavage. Lobe nurnOars corro- 
spond to (1) left lung. (2) antBfior, 0) mectan, (4) 
posterior, and (5) postcaval, toprjrousPLAL-Lys 
pantcte.d « 6.9 * 4.2 jimandp« at o/crn*. 
For renporous PLA paroote, d • 6J ± 35 pm 
and p « 0.94 p/crrr 1 . Means and SEs are based 
onn- 4. 

(17). During forced ventilation, ran were ex- 
posed to porous or nonporous part icl es; bron- 
choalveolar lavage was used to collect parti- 
cles deposited In the trachea as well as in the 
airways and acini (18). The nonporous parti- 
des deposited r^iinariV in dve o^criea (-7^ 
of all partick mass that entered the trachea), 
whereas oruy 46% of oSe p or ous particle mass 
deposited in the trachea. Particles remaining 
In the rat lung? after bronchoslveolar lavage 
were obtained by careful dissection of the 
individual lobes of die lungs In subsequent 
experiments (19) (Fig. 2). The absolute nurn- 
ber of porous particles rtrruming in oSe hingi 
was approximately an order of magnitude 
greater than che corresponding num be r of 
nrznporous particles* 

The role of low mass density in rendering 
large panicles respirable can be understood in 
terms of che particles* mean aerodynamic di- 
ameter (12). Relatively targe particles with 
high porosity have the same aerodynamic di- 
ameter as smaller, nonporous particles; these 
larger particles can enter che lungs because 
particle mass dictates the location of aerosol 
deposition in the lungs. The uureased aero- 
solitation efficiency of targe, light particles 
lowers the probability of deposition losses be- 
fore particle entry into che airways, thereby 
increasing the systemic btoavailability of an 
inhaled drug. 

To ost whether large particle site can 
increase systemic bioavailability, we ertczpsu- 
lated insulin into porous and nonporous poly- 
meric particles. We designed the mass densi- 
ties and mean diameters of the two particles 
such that they each had an aerodynarnic di- 
ameter (—2 ua) suitable for deep hing dep- 
osition ( 1 2); the mean diameters of the porous 
and nonporous panicles were >5 jim and <5 
tun, respectively (Fig. 3, A to C). Identical 
masses of the porous or nonporous particles 
were administered to ran as an inhalation 
aerosol or injected subcuraneously (controls) 
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(20) . Serum insulin concerttrations wtre 
* monitored as a function of time after inhala- 
tion or injection. For both porous (fig. 3A) 
and nonpooui (Fig. 38) particles, blood lev- 
ell of insulin reached high values within the 
fust hour after inhalation. Only with large 
porous particles did blood levels of insulin 
remain elevated (F < (X05) beyond 4 houn, 
with a relatively constant insulin release con- 
tmuing to at least 96 hours (0.04 < P < 02). 
These results were confirmed by serum glu- 
cose values (Fig. 30, which show felling glu- 
cose levels for the nm 10 houn after inhala- 
tion of the porous insulin panicles, followed 
by relatively constant low glucose levels for 
die remainder of the 96-hour period [for mall 
nonporous insulin panicles, initially sup- 
pressed glucose values rose after 24 hours 

(21 ) ]. Similar biphasic release profiles of mac- 
romokcules from PLOA polymers have been 




reported (22). For the large porous particles, 
insulin bioavailability relative to subcutane- 
ous injection (23) was 87.5%, whereas the 
small nonporous particles yielded a relative 
bioavailability of 12% after inhalation. By 
co mpariso n, bioavailability (relative to subcu- 
taneous injection) of insulin adniinuxered to 
rats as an iruNalatian liquid aerosol has been 
reported as 373% using a similar endooache* 
al method (24). The absolute bioavailability 
of insulin inhaled into rat lungs in the form of 
a lactose-insulin powder through a DPI con- 
nected to an endotracheal tube has been re- 
ported as 63% (25). The longest sustained 
insulin release previously reported (6 hours) 
was achieved using liposomes innaoacheally 
instilled into rat lungs (26). 

Given the short sysrjemic half-life of insu- 
lin (11 mm) (27) and the 12- to 24-hour rime 
scale of particle clearance from the central 
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Flo. 3l Systemic concartYattonsbi rata after ad- 
rrtfnistration of porous and nonpofcustrterapoufic 
partictos. (A) Serum insulki concentration after in- 
halation and subcutaneous reaction of 9 my of 
targe porous frsufln pa/tictoe. No insutn parOdes 
wqto adntin&taisd to nontnjeted controls, ftorous 
partictea oortarod troufin (20U> watyt %) and 
50:50 PLOA (800 waoht %) (7 f). That maan tf 
and d v valise were o\8 jirn and 2.15 pm, re* 
specthory. Means and SB are based on a » a 
i Serum hsuti conce n tr atio n after intatatien 



and subcutaneous injection of 9 mg of smaJ nonporous insufln particles. No tnsufti partfdas ware 
a&Ttrtsteredtonartreatedc^ 
PUtt(9OXwe0«%)(n).Tbe*rr«ano'^ 
and SEs are based on /> - 3. (Q Serum glucose concentration aftvir^ 
insu8n particles or 9 mg of smafl nonporous hsufln partictes. No irtsufln particles ware acrnrilstMud to 
nont reatad controls. Means and SEs are based on n - 3. (D) Serum testosterone concentration after 
aoWrtstratton of 6 mg of porous testosterone partictea (d - 20.4 \xm) as an inhalation powder and as 
a subcutaneous cont/oi. Partictas contained testosterone 0 5 weignt %), 50:50 RjQA (76.5 %), 
arujR^L^ys (8.5 wefgw%). to the dry powder, p - 0.1 g/crn* (E) Same as (Q) but with smafler 
porous testosterone pa/tides id - 10.1 pin). 



and upper airways (5), the appearance of ex- 
ogenous insulin in the bloodstream several 
days after inhalation appears to indicate that 
large porous particles achieve long, non- 
phagocytosed lifetimes in the deep lungs. To 
test this hypothesis, we lavaged ( 18) rJtekmgs 
of rats immediately after inhalation of the 
porous and nonporous insulin particles as weQ 
as 43 hours after inhalation. For noriporous 
particle* JO t 3% of phagocytic ceOs coo 
Gained panicle? immediately after inhalation^ 
and 39 1 5% contained particles 48 hours 
after irihalation. By contrast, only 8 ± 2% of 
phagocytic ceils contained large porous parti- 
cles immediately after inhalation, and 115 t 
3i% contained particles 48 houn after inha- 
lation. For small rujnporous particles, 17J ± 
li% of the phagocytic cell population con- 
tained three or more particle s 48 hours after 
inhalation, Tflrftpfyd with 4 i 1% for large 
nonporous pa n i cle s. Innanunatocy tfsponse 
was alio elevated with small nonporous parti- 
cles; neutrc^rtils represented 34 ± 12% of the 
phagocytic cell population 48 hours after in- 
halation of the small nonporous p? rtklw , 
compared with 8J ± 3 J% for large porous 
particles (alveolar macrophages represented 
100% of cells measured Immediately after in- 
halation). These resuhs are consistent with 
those of in vino experiments showing dtat 
p hag oc ytosi s of parades diminahes precipi- 
tously as particle diameter increases beyond 3 
pro (28). 

To further determine whether increased 
bioavailability correlates with increasing size 
of porous par ti cl e s, we encapsulated a second 
model drug, testosterone, in porous particles 
of two different mean geometric <fam— »r 
(10.1 and 20.4 Jim). An idenrical mass of 
powder was administered to rao as an inhala- 
tion aerosol or as a subcutaneous injection 
(controls). Serum testosterone concentrations 
were mcTumrcd as a function of time after 
inhalation or injection (Fig. 3, D and E). 
Blood levels of testceterone retrained well 
above background levels (P < 0.05) for 12 to 
24 hours, even though the systemic half-lift of 
testceterone is 10 to 20 min (27). Testoster- 
one bioavailability relative o> subcutaneous 
injection was 177% far the 20.4-juiHuameter 
particles (Fig. 3D) and 53% for the 10.1-jim- 
diamcter particles (Fig. 3£). The increase in 
testosterone bioavailability with increasing 
sac of porous particles b especially notable 
given that die mean diameter of die 20.4-jia 
particles is MO times that of nonporous con- 
ventional therapeutic particles (5, JO). The 
relatively short time scale of testosterone re- 
lease observed for both the inhalation and 
subcuaneous controls ii near che in vioo time 
scale of release (several hours) reported else- 
where for 50:50 PLCA microparticles of sim- 
ilar site encapsulating a therapeutic substance 
(buprvacaine) of similar molecular weight and 
lipophilicicy (29). 
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, Porous panicles comprising cherapeudcs 
and pharmaceutical excipiena can easily be 
formed by spray-drying (10), rapid expansion 
of supercritical fluids (31 ), and other panicle 
formation technologies. Hence, they can im- 
mediately address a variety of needs as ther- 
apeutic carriers for inhalation therapies. 
Their potential for high aerosolizatkm effi- 
ciency, long-term drug release, and increased 
systemic bioavailability makes large porous 
particles especially attractive for systemic in- 
halation therapies* 
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F Nnt n, Lu A Cimpbdl (1962) reported the smgfe-oysti] 
di ti for • series of andrestanes. This piper reports the nine 
dita for t second set of androstanes (Table I) using the 

1 This mvotigmtiofi wts supported En part by PubBs Hethb 
Sevioe Research Grant CA-06183 from the National Caaecr 

butrtute. 
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Acta Cry* (1965). ft ^9 * 
Crystal data (DD for some aBdratoMsV. By Jean M^Ohxt, Barbara aThaner and Dowta A. Norton, Biophysics 
Department. JbsweQ Park Memorial Institute, Buffalo, Now York 14203, UJjL 

(Received 2 February 196S) 



same techniques described in the earlier paper. No further 
work on these compounds is oootemptated. 



Norton, D. A, Lu, C T. & Cautreix, A. E (1962). Ada 
Or*. 13, 1189. 



Tabic 1. Crystal data (JO) for some androstanes 



Fo. inula 
MiiLWt 
Dm (gxm- J ) 
Dm (gxnr *) 
i. Spice aroup 




1 


2 


3 


4 


S 


6 


7 


8 


9 


Ci9H}«02 


CitHuOi 


C t fH a Oi 


Ci»H n O| 


CiiHpQi 


Ci^HwOi 


Ci«HmOi 


C^HwO, 


CkHmO, 


28*40 


286*40 


288*41 


288*41 


29043 


290*43 


300-38 


330*45 


394*53 


1171 


1-164 


M47 


M86 


1*132 


1147 


1*264 


M62 


1148 


1175 


H74 


1143 


1177 


1103 


1*084 


1*253 


1-201 


I 207 


«,2,2, 


J>2*2»2 


ja 




*2\ 


«,2-2, 


M-2,2, 


«,2,2, 




4 


4 


4 


4 


2 


4 


4 


4 


2 


12-963 


12-303 


21*337 


14-691 


11*614 


12-146 


9-263 


12*800 


10-860 


1*929 


18*644 


6-186 


11-093 


8-096 


23*434 


26-331 


18169 


16 241 


7*366 


7-065 


12*704 


10-872 


9-422 


6248 


6-477 


7-856. 


6*236 






91*27 


113*23 


99-23 








* 99-17 


1619 


1620 


1676 


1628 


874 


1779 


1592 


1827 


1086 


Etbasol 


Methanol 


Unknown 


Methanol 


Ethanol 


Ethanol 


Methanol* Methanol 


Ethanol 



• ±0009 A 



1. 4-Andicetcn-3 v 17-dtoae (endtatcnedsone) 

2. l,4-Aiidrosta<ikn-178-oJ-*^iie (1-defaydrotestostcrooe) 

3. 5o»Andrc^tan-3,17^ne(andratanedione) 

4. 4~ Aadrostco- 1 70-d-3-ooe (testosterone) 

5. 5a»Andrc*tan07£oM-one (alloduydroteMtterose) 

6. 5-Aiidro$tcn-3A 17£diol (adrenoftenediol) 

7. 4-Anoro«ea-3Jl t l7-trione(adrai(»ta'cn*) 

8. 4~Andrc4tet>-170 > ol-3'One 17-acctate (testoiterone acetate) 

9. 5a>Androstae-17^o^3-one I7-benzoate (dihydrotestostereiie benzoate) 
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An :t-fiy iDTcsHgarJoo of the stereochemistry of Z^CSMGfHJWz)* ByT.M. Shsfheroi 
wjjid. Chemistry Department, Queers University of Belfast, Belfast, Northern Ireland. 
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(Received 22 June 1964) 



The s ereocbemistry of the complex Zn°(NCSWC#HjNHa)i 
is of i itercst in connectton with stiidtem these laboratories 
on lbs factors governing the conilguratJon of metal com- 
plexo. Nelson & Shepherd (unpublished work) have estab- 
lished , from magnetic and t petti el data, that thecoiiesponoV 
ing G <TJ) and N1(II) complexes have oc ta he dr al (or tetrag- 
onal) structures with bridging NCS groups. X-ray powder 
pattern show that these and the c oii e spo i iding CeXD) 
complex are isomorpfaous, but that Zn(NG5MC«HsNHi)j 
has a different aystel structure. An attempt to determio 
this at vcture sufficiently to estaUiihtheoocrolnationnum* 
ber of the zinc atom is described here. 

Siajk crystals obtained by recrvsialTrratirm from ethanol 
were used These were ooedle-thaped, apprax 1-5 mm long* 



and 0-3 mm in cms section. The needle axis being taken 
ax the c axis, rotation photographs with Cu X* radiation 
about the 1001] and [110] axes and Laue photographs 
showed the unit cell to be orthorbombk with the cell 



a- 14 56 ±005 A 
*- 9-10±<X»5 
c«12-7±<M 

The values f a and © were derived from the observed 
tpacings of 39 AO/ reflexions, and their uncertainties are 
an estimate based oa the standard deviations of the ob- 
served and calculated values, c was obtained from layer 
line measurements of a rotation photograph, 



k 



IMCl 



SHORT 



COMMUNICATIo5F ST ^lABlE CQP 

. ..... 

' Qyrtdlopipbfc dan for tetater ae hydrate ud «i*t*ite.«yA.LTaAK- ndjo« m a »«. . 

' ^oworitKEH Utty <md Compaq, MiwrnpolU, IndUuu 46206, VJx 
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Am Ojw. (1970). B26. 1184 



Tateseraac hydrate erymnjiei to the 
fj^om a-IWJ. 4- |J »5 ud 
with four molecules in the unit 
•adl-HO**. 



^T9*I K Zf2£! 1 ' " iUl four mol ««^ to a u«h cell having the 
«L He Proper cell Amnsfcmi are a~ 14-45, 4-11-09.7. IMIA 



to ■ previous study on the solution behavior of lauwcroos 
»«1<«» media, oonvenion of the u*ydratelonnt^ 
hydwe wu reported (Tkakkar A Hall, 1969), Since 
«to««rone is a natural hannone and exists ia an aqueous 
enviroMwii. cWtmatica of this form a^npS! 

Saudi iin«le<rystab were frown by a continuous fall 
sJlTr m . »* hour. Elemental analysis. Karl 

tWicrj^linefcrmto bethenwoormbafc 
rrom Writtrnberi and precession photographs taken 

nOA M tottrnnrfr am r nra i: MO, 01*% and 00/ far*, "or/ 
odd); tee are four motoeuks in a unft-cdl bavmt the 

nwuwed by dupUcemcm it Mil t-cm-'. which area 
S»5»4* CaiCUll,al ^ C"H^H^S 



F« oompanton we have measured the crystal panuj. 

( i?*» I i e i"** « rw,D * «i with four inolee^to, 

„ h " A ."? '"" M • "*"* agree fairly well with tat 
™™»» vw hy Ohrt. Haner & Norton (1969. Thmi 

•lCMjcr tna proper ceDarto- u-43. *-ll<» t .io«l 
J*M«1IM'. Tto« cell, give a «S «f 
H7Jjt«n-.. which j, ifattfcal wi,Hr^perK£ 
■""^vah* given by Banal A Crowfoot pOTn£OUB > 
B j5L u ^? ed _P< , *to,o«« for these two forms of testo. 

S^t"" for incha5on fa *• <™ 



wL&^vScn^^- «— -» of 



Bwjtt, J. D. A CfcOWKWT. D. (1936% 2. KrtttaBegr. n, 
T*JJB*V A. L a Hau. N. A. (1969). /. StL « 



<4«e Oyrr. (I970X B26. 1184 

° * S - °- s "~- ^ ^« *^W„ . r,«r. 

{Atcthtd 20 JaMMory 1970) 
f.^^^^^l.of^F^O. .hid, coauto. rornula uaiu. a - 

'^D 01 ^ * Berttui, 1965). They display complete 
•o^ohitw ppofncrminjwKlth wu repSS 

n^^^aprmiedpeiletmiituie flBaCO,: ISrCOi: 
2 FcO, which wu hated on a platinum «rip ia a resistance 
.bout 950 -C. The .intered pSeTww^S 
a^ refeedto auure compleu reaction. The mknaytS- 
uMspeemniwHbr utht to 1200'C tod left in^hVfira* 



Ba<?So^,!r? W lK^. ,h ! phMe "^"riurn diacram, 
«»-SrO.Ferf>», shows thai a sew stable compound, 
tavnif the compositkm BaSrF««Oi. may occur »i7S»2 

•IJrJ?^?^" ^- , furthrr <nxsU|atioo by Barbara! A 
SSioi^!^ ^^^Ph« fonnTatrfid 
S"' 0 " "™ the w b ?»n' compound BaFe,0«. which is 
ported to he onh rhombic (Okamki, Mori S MJtmda. 
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I Ada CtyM, (1964). 17,1611 

Crystal data (II) for some estrone-rdatad c mp undo.* By Jui M. Oiurr, Bajuuu a. Euro, and 

Doura A. NoJrroH, XfcportmeaJ qf Hfepayefet, RomB Park Memorial /neftfufi, Bxtffaio, Ntm York, 0.8. A. 

{Buciotd 1 May 1M4) 

oonaideretlon it M61 gw 4 which agree* with the 
meatured density. All of the other measured and cal- 
culated denaitiei abo agree within the experiment*) 
error (4-0%). 

Compound* (!) tad (2) each eryttallixad in two forma* 
Both of the (a) forma had rimilar bat non-ieomorpnout 
unit ceQi. Componnda (2) and (3) are iaernen but do not 
form ieomorphoua eryttala. 



A 



aw?; 



t 

i6oe*f 



'.Rm lattice conatanU of 

lounda (Table 1) wen determined on a General Electric 
]IBD 6 X-ray diffraction unit equipped with a gonioeUt 
i ting CaKa radiation. Space groope ware mttbUthod 
en the baei* of eyatematic e b o rob at and optica! activity. 

All eryttala were grown from solution. Flotation 
d entity meaawementa were need to ca lc ula t e the number 
of motaculet per unit eeD. Hie high diecrepancy between 
tiie meatured {Dm) and calculated (D 9 ) dentitiet of 
ennpound (8) it doe to the cryttdliiation of one molecule 
oi' ethanol per molecule of steroid. The density friittiTttrd 
liking the tofvent of erystaJlizatian 



* Thii iaveeugttiou wet rapported 
grant CY-06189 from the National " 
Health Servioe, 

Tim tttrom-rtLated compounds 



pert by P.H.8. 
Institute, Fubtie 



Table 1. Crystal data (II) for torn 

(l)(o),{6) 1^10)-Bttr«Arien.tHd.l7^ne 
(SK«K(M lM(10).EttratrieB.a k 17e-diol 

(8) l^lO^Bttmtrien-^n^diol 

(4) 1^10).Ertmtrkm^l7fdiel 3-nwtfayl ether 
(6) IMlOhBttiatrka^n^dio) 17-aectate 

(6) 1^10VBttratriea.l7o^Uuny!.8 l n^Hlicil S*methyl ether 

(7) l,M(tO) Eiam«riBn*l.na^hVadJtetute 

(6) l r S4l0)-E«tr*trten.S-<d.|T-<me trisethy) meeUU 

(9) U^10).EtVBtrien-a.l7a^S-trinwthyleeeuu 

(10) 1^10).Ettratriea.8,17^dti4diimqiiaotto 

(11) 1^10)-Eelr*4rieD-9,17?.diol 8-t 



a A : 



ange- 



•IS 

It 



Pons ul« 
MoL wt. 

D 9 (gxm-*) 
Sptee ipmup 
Zfeels.) 
«(A)t 
•<A)t 
«(A)f 

(A«) 
Solvent 



Formal* 
MoL w%* 
0. (g.a»-*) 
D M (g.cnv*) 
Spec* group 
£<«!*.) 
o(A)t 
MA)f 
«(A)t 

fin 

Volume ( A') 
Servant 



1220 
4 

9-297 
13-317 
7*661 
118-36 
1471 



1(e) 

124, 
1-849 

4 

10-091 
18-440 
7-766 

1497 



8(a) 



273-39 
110, 
1190 

4 

9-187 
88-898 

7*886 
98-78 
1681 



m 

180, 
1190 
CS 
4 

19-918 
7*188 
18-488 
13415 
1680 
Uethenol 



TO 

0-985 
i%8,8 

IS 841 
88-816 



1887 
96% Ethanol 



TO 

120, 
1186 

14-004 
86-466 
6-470 

8818 
Heptane 



TO 

180, 
1-880 
-P28.8 
4 

18-809 
16-919 
7-881 

1711 
96%£thenol 



6 

CnH.0, 
810-44 

4 

6-698 
59-787 
6-871 
117-68 
1694 
Heptane 



7 

866-47 
4 



89-890 
7-460 

1699 



t ±0-007. 

Table 1 [conL) 
8 

CwHwO, 
164-49 
M6, 

1-176 

80-704 
7916 
6-781 
108*61 
1008 
Propuol 

t ±0*07. 



9 


10 




866-61 


884 68 






180, 


1 241 




1-188 


? 


«. 






4 


4 


16-806 


88-039 


18-831 


9-714 


9-057 


88-646 


6-866 


10-332 


6-366 


9886 


96-86 




1087 


8160 


1999 



96% Ethenol 







mt about the tuo 

HI) 65 POMCSMS 

:ry at coapaxcd . 
alxturc of t-$ I 

i 

ami th« p-c*rtoo 
f 2 766(3 A . 

(UC Loci of Ntv j 
As loclate Pro* ** 
.t*nct» to Profe*- 
University of Htw 
In^elKtln for tfet 

i 

y»V Abridge Unl. 



i 



i 



i 

i 

I 



Crytt.Sctuec.CoBn. (1972). 1, 71. 



BUtAKOl, Ah. 336$), C 13 B ai B0 3 
Keulagtea,a.S.W. W3J,»«.«''»«* 

introduction. lb* cry.t.1 .tructur. of S.lbuU~l h« b.» d.«.r.t».d b, 
I-r.y diffraction. S.lb»t~.l U c«pou»d of . ..ri.. of «-«"- 
0Br ^ e .ti-ul.nt. which tor. b«- f~nd f h.« co».id.r.bl, «r M «.r .e- 
tloa on bronchi.l *»o.th —el. th.» oth.r -ooth k».«l. .«.Cd b, 
B-.tto«l.nt., »d i. currently bei»« u.«d i» -»7 co-trie, for th. tr*. 
.t.«t .nd ~««-e»t of ..th- (Hrtl-y. J«-. t-t. Bitcbi.. 19*8, 
Britain, F.™.r; J.ek. Itartin .»d SUp.o», »«68). 

rrMt .l „t. . iUetooiuUr cry.t.1. -r. obt.in.d by recry.t,Ui~ti.» "~ 
The .P.C .roup » d^r-ined fro. .y.t-.ti« .p~«r.l *• 
JSa; tho u»it ooll dta—l— -r. . S - »».*M(«0). 6 " ■•»««». * " 
U.5*S(7) *» 1 - «» ».b.- , - ,S «- » P e.X. " ,W ' " * 
..... ...l. gt i. a . St — «- g id.ti«, .nd »eflne,.nt. A to«l of 1*44 i«- 

^dent r.fl«tion. -re -cured on . Si-*- .»to-ti« W cry.t.1 
diffr.ct-.tT u.in, Cutt r.di.tio» .nd »iek«l .ttenu.tor. (Cr.i«, 1971). 
ne . trU cturo «. ..l~d .«.i«. direct ph..lof procedure, incorpor.tin, P«" 
W-M .01M, PHUL .nd C34M .rltt- b, Gr.i*r. ffloctloo. h.»i«I 
U 1*1.60 (17J i- nunber) «r. .elated .od u.ed in th. ph... .-ly.i. 

L^JlcuUtioo of .» B -P fro. -hich th. PO.ition. of .11 oon-hydro... 
ltoM obtained. E~ntu.ll, .11 .to- (ladudiM hydro*.™) «r. lo«- 
t . d .„„ .tructur. refined b, full -tri» 1—t .qu.r«. p»c.*-r.. f 
„ o~r.ll di.crep.ncr fc> fetor ot 0.04B. It U -orth -.tin, th.. e-p.- 
,i«» bet-eeo th. full, r.fln.d ph.... of the l.iti.1 ill «l.«t.d rofl..- 

tion. .nd tho M u«d to ph... th. E »p revels tlut only o». P-«. — 
incorrectly ...igMd i« th. «lr.t ln.t.nco. 
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Atopic Co-*#rauute» 



X/iW j/e(«) 



0(1) 
0(2) 
0(3) 
C(l) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C<«) 
M 

C(9) 

C(10) 

C(ll) 

C(12) 

C(13) 

H(l) 

H(2) 



0.328l(l) 

0.3341(1) 

0.2849(0 

0.3217(0 

0.3127(1) 

0.3145(1) 

0.325S(D 

0.3343(D 

0.3323(1) 

0.3206(1) 

0.3853(1) 

0.3852(1) 

0.4464(1) 

0.4331(2) 

0.4779(0 

0.4877(1) 

0.3445(1) 

0.305(0 

0.311(1) 



0.5307(2) 

0.4496(3) 

0.9869(1) 

0.8932(2) 

0.9193(2) 

0.8002(2) 

0.6537(2) 

0.6241(2) 

0.7455(2) 

1.0240(3) 

1.0616(3) 

1.1903(2) 

1.2314(2) 

K3530(5) 

1.0981(3) 

1.2927(4) 

0.4635(1) 

1.024(3) 

0.819(3) 



«/•<*> i/fcC") i/s<°> 



0.2241(1) 

0.5016(1) 

0.554KD 

0.4060(1) 

0.3133(1) 

0.3510(1) 

0.3815(1) 

0.3748(1) 

0.4358(1) 

0.4744(1) 

0.5071(2) 

0.5708( 1) 

0.6115(2) 

0.6815(3) 

0.6584(3) 

0.5357(3) 

0.4056(1) 

0.391(2) 

0.187(2) 



H(3) 

HU) 

H(S) 

H(6) 

K(7) 

B(8) 

B(9) . 

B<») 

H(ll) 

R(12) 

H(13) 

H( 14) 

R(15) 

B(l6) 

B(17) 

B(l8) 

8(19) 

H(20) 

H(21) 



0.3U(D 
0.315(0 
0.389(1) 
0.347(1) 
0.337(1) 
0.303(1) 
0.243(1) 
0.402(1) 
0.411(1) 
0.357(1) 
0.417(1) 
0.472(1) 
0.408(3) 
0.486(1) 
0.518(1) 
0.455( 0 
0.471(1) 
0.535(1) 
0.503(1) 



0.557(3) 
0.397(3) 
0.4:5(3) 
0.350(3) 
0.730(3) 
1.117(3) 
0.974(3) 
0.963(3) 
1.083(3) 
1.162(3) 
1.433(3) 
1.365(3) 
1.327(4) 
1.012( 3) 
1.132(3) 
1.043(3) 
1.375(3) 
1.317(3) 
1.311(3) 



0.169(2) 
0.373(2) 
0.390(3) 
0.519(2) 
0.501(2) 
0.445(2) 
0.536(3) 
0.535(2) 
0.453(3) 
0.620(2) 
0.650(2) 
0.710(1) 
0.729(2) 
0.619(2) 
0.679(3) 
0.707(2) 
0.503(3) 
0.552(2) 
0.473(2) 



01 



C3 



C2 



t03 



&C9 



ICI1 



fiff. I. A dltfru of » aoleculo of Stlbuttaol ohowlnf aoM intrtaolo- 
cular bond dlatanc**. 
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Bond Distances and Angles 



)) 0.1*9(3) 
]) 0.373(3) 
0.3)0(3) 
0.519(2) 
0.5)1(2) 
3) 0.415(2) 
3) 0.5)6(3) 
•0.515(3) 
0.4.13(2) 
3) 0.610(1) 
1) 0.6:0(2) 

0.7..0(a) 
0.7:9(2) 
0.6.9(1) 
0,6,9(1) 
0.707(3) 
3) 0.503(2) 

3) 0.5!i3(2) 
3) 0.413(3) 



I) 
I) 
3) 



3) 



3) 
0 
3) 
3) 
3) 



C12 



0(i)-C(4) 

0(2)-C(l3) 

0(3)-C(7) 

C(l)-C(2) 

C(2)-C(3) 

C(3)-C(4) 

C(4)-C(5) 

C(S)-C(13) 

C(5)-C(6) 

0(1)-C(4)-C(3) 

0(l)-C(4>-C(S) 

0(2)-C(l3)-C(5) 

C(13)-C(5)-C(4) 

C(13)-C(5)-C(6) 

0(3)-C(7)-C(l) 
0(3)-C(7)-C(8) 
C(I)-C(2)-C(3) 
C(2)-C(3)-C(4) 
C(3)-C(4)-C(5) 
C(4)-C(S)-C(6) 
C(S)-C(6)-C(0 



1.368(2) J 

1.420(2) 

1.433(3) 

1.385(3) 

1.386(3) 

1.384(3) 

1.396(3) 

1.507(3) 

1.389(2) 

123.2(2)« 

116.2(2) 

110.2(2) 

119.0(2) 

122.6(2) 

111.5(0 

107.0(2) 

120.6(2) 

119.9(2) 

120.6(2) 

118.3(3) 

121.6(2) 



C(6)-C(l) 

C(l)-C(7) 

C(7)-C(3) 

C(8)-» 

M-C(9) 

C(9)-C( 10) 

C(9)-C(U) 

C(9)-C(12) 



C(6)-C( 1)-C(2) 

C(6)-C(1)-C(J) 

C(2)-C( 1)-C(7) 

C(l)-C(7)-C(8) 
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Fig. 2. A packing diagra* showing th« unit call contents of Salbutaaol. 
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Coaments . Salbutaaol eshibits the saae cis, orientation of amino and hydro- 
xy! groups as observed with TMI65 (Beale, 1972). The S...0 distance 
(2.826(2) A) is in fact « little larger than the corresponding distance 
(2.766(3) 2) in TM165. The benzene ring is Inclined at 74.5<2>* to the 



- 74 



plan* of the C<7)-C(8)-K-C(9) itou. whilst In the fhtl65 molecule this ^ 
gle is 66.9(3)** The tertiary butyl group is on the opposite aids of the 
Selbutanol eolecule to the amino and hydresyl croupe. The Thll65 molecuU 
hae the eubstltuent groups on the nitrogen a ton on the same aide of the 
molecule ae the amino and hydroxy! groups end therefore in closer proxUu 
ty to the receptor site* 
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